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INTRODUCTION 
The widespread use of fertilizers has been an outstanding 
development in American and world agriculture. Nitrogen 
fertilizers, in particular, have contributed to large in­
creases in plant productivity. This has been especially true 
in the Com Belt, where large amounts of N are required to 
obtain maximum yields under both the continuous com and the 
alternate corn-soybean management systems. The practice of 
heavy N fertilization for com and the mobile nature of the 
nitrate anion have resulted in large accumulations of nitrate 
in some soil profiles, and concurrently have caused concern 
regarding possible nitrate pollution of water supplies. More 
recently, the increased cost of N has stimulated interest in 
the ability of crops to utilize any accumulated subsoil 
nitrate. 
It is recognized that both com and soybean roots will 
penetrate to five feet or more in soils, depending on the kind 
of soil and other conditions. However, only limited informa­
tion is available concerning the effectiveness of the roots of 
these plants to utilize accumulated nitrate at different 
depths, or the depth at which nitrate is essentially lost for 
crop production to eventually enter underground water supplies. 
Of additional interest for soybean production is the possibili­
ty of more advantageous utilization of accumulated nitrate from 
deeper depths than from surface-applied N. 
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With these basic ideas in mind, the objectives of this 
study were: (1) to measure the quantity of nitrate absorbed 
by com from different depths in the profile on soils that had 
received different amounts of N fertilizer annually for 18 to 
19 years, (2) to compare the effects of accumulated (residual) 
nitrate and directly applied N fertilizer on com yields and 
on the uptake of nitrate from different depths in the soil, 
(3) to determine the depth and the distribution of com roots 
for the soil conditions studied, and (4) to compare the effects 
of directly applied fertilizer N and residual nitrate on the 
yield of soybeans grown on soil which had received various 
rates of N for eight years. 
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REVIEW OF LITERATURE 
Soil Accumulation of Nitrate and Depth of Nitrate 
Uptake with Com 
The role of fertilizer-derived nitrate as a potential 
pollutant of underground waters and streams has been a concem 
of agriculture in recent years. This has led to the investi­
gation of the amounts of nitrate accumulating in soils and 
subsoils under various cropping and climatic conditions. In 
an extensive investigation in Nebraska, Stewart, Viets, and 
Hutchison (I968} found accumulations of nitrate to a depth of 
20 feet in quantities of 79, 90, 506, and 261 lb fiacre for 
alfalfa, native grass land, irrigated crop land, and culti­
vated dry land, respectively. These studies represented a 
broad range of soils and conditions and illustrate the mag­
nitude of accumulation cccuZTirig under cultivated crop land in 
a low rainfall area (15 inches annually). 
Various reports (Herron et al., 19681 Olson et eLL., 1970; 
Linville and Smith, 1971; Pierre, Webb, and Shrader, 1971; and 
Nelson and HacGregor, 1973) of nitrate accumulations in soils 
and subsoils under continuous com culture were reviewd and 
summarized by Jolley (197%). Other recent studies (Power 
et al., 1973; MacGregor, Blake and Evans, 197%) indicate that 
up to 1200 lb Vacre have accumulated at hi^ N rates and that 
significant amounts of nitrate have accumulated within the 
rooting zone of com from commonly used N rates. 
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The response of crops to residual N has recently been 
investigated by various workers (White, Dumenil and Pesek, 
1958; White and Pesek, 1959; Soper and Huang, 1963; Herron 
et al., 1968; Herron et al., 1971» and Power et al., 1973). 
Early studies in Iowa (White et al., 1958) suggested that as 
much as one-half of the N applied to com carried over to the 
following spring oat crop. A related report by White and 
Pesek (1959) showed that as much as 90^ of the variations in N 
removal of oats were accounted for by residual nitrate in 
the 0-21" soil depth. Linear regression showed a high corre­
lation between the yields of oats and the residual soil nitrate 
measured at planting time. These results also provided evi­
dence that the residual N was present mainly as nitrate. 
Power et al, (1973) measured the effects of residual 
nitrate on the yield of barley after four years of N applica­
tion at different rates to com and bromegrass. They found 
significant effects on grain, total dry matter, and N yield of 
barley for two years following com. As would be expected, 
greater residual effects were observed at the higher N rate and 
following com as compared with following bromegrass. 
Soper and Huang (1963) found large variation in response 
to N in field trials on nonfallowed barley plots. A large part 
of the observed variability could be accounted for by the dif­
ferences in nitrate levels in the soil profile at seeding time. 
Herron and coworkers (I968, 1971) found a significant 
correlation between soil nitrate accumulation and com grain 
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yield at several locations in Nebraska, Grain yields in­
creased from 55 to 122 bu/acre at one location and from 43 to 
144 bu/acre at a second location as the amounts of residual 
nitrate increased. Despite this positive evidence that residu­
al nitrate is utilized by com, only limited information is 
available concerning the influence of depth of accumulation on 
its uptake and utilization by crops. 
The basic methods that have been employed to study 
nitrate uptake are: (a) the injection of untagged or 
tagged nitrate solution at different depths followed by the 
measurement of nitrate uptake at different periods during the 
growth cycle, and (b) short-term fertilization in which the 
nitrate in the profile is determined after several years of 
fertilization and the effects on yield are measured. The 
latter has been used by a few investigators and the former 
by many. 
Dancer and Peterson (I969) injected KNO^ in a Piano silt 
loam soil in Wisconsin on July 1 at depths of 3, 9, 15, 21, 
and 27 inches at a rate of 100 lb N/acre and determined plant 
uptake from these depths. There was consistent and significant 
uptake of N from all placement depths by field com, red beets 
and tobacco. The lowest recovery was from the 27-inch injec­
tion treatment and the greatest response for field com was for 
the 3- atid 21-inch placement depths for the two years of study. 
They concluded that (a) all crops tested responded to nitrate 
placed in topsoil and subsoil, but that crops requiring high 
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N levels, such as com, recovered nitrate from the subsoil 
most efficiently, and (b) nitrate present in the subsoil can 
be a significant contributor to crop N and should be considered 
in making fertilizer recommendations. 
Herron et al. (1968) injected with ZVfo enrichment 
to a six-plant area at depths of 18, 30, 42, and 5^ inches in 
a Sharpsburg silty clay loam soil in Nebraska on June 21 when 
the com was 15 inches high. Their results showed conclusive­
ly that soluble N was removed by com to increasing depths 
through the growing season as roots penetrated the profile. 
Total recovery of the applied was 41, 4$, 53» and 6l^ for 
the 18-, 30-, 42-, and 54-inch depths, respectively. They 
attributed the greater recovery from the deeper injections to 
more optimum moisture supply lower in the profile or to dif­
ferences in immobilization at different depths. However, they 
failed to mention or recognize that there might be a greater 
dilution of for the different depths. Nonetheless, their 
work demonstrated that some nitrate uptake occurred as deep as 
54 inches. 
Dean Swedland (1956), working in Iowa, introduced KN^^O^ 
at 6-, 18-, and 30-inch depths directly below the com hill to 
study nitrate absorption by com. He worked on N deficient 
soils in the field and applied 80 mg of under each hill at 
two dates (July 8-July 22 and July 27-August 10). During the 
first period, absorption of nitrate was similar from the 6-
and 18-inch horizons but was much lower from the 30-inch depth. 
7 
During the second period, absorption was similar from all three 
depths. Specifically, during a 14-day period at the tasseling 
stage (first period) about 355^ of the fertilizer added at the 
6- and 18-inch depths was recovered in the com and only about 
20?S was recovered from the 30-inch depth. During the ear de­
velopment stage (second period) about 20fè of the applied N was 
recovered from each horizon. 
David Calvert (1962) did a similar study of nitrate ab­
sorption in Iowa in an attempt to examine soil factors influ­
encing nitrate uptake. He injected near selected 
plants and later harvested the com plants at three different 
periods during the growing season. The depths of injection 
were 6, 24, and 42 inches. He found that nitrate was taken up 
at all depths, but that during early growth, absorption was 
greater from the 6- and 24-inch layers. Later in the season 
absorption was greater from the 24- and 42-inch layers. The 
total absorption of ^-tagged nitrate over the experimental 
period was 19.4, 17.5, and 14.4 mg per plant for the 6-, 24-, 
and 42-inch layers, respectively, for a recovery of 24, 22, 
and 18^ of the applied respectively. However, these 
values m%r be low because they represent uptake by only one 
plant, and the two adjoining plants were not permitted to grow 
to maturity. Hence, under field conditions with plants growing 
adjacently more N would likely have been removed from all 
layers. This latter point is substantiated by cooperative 
work done by North Carolina State University, TVA, and Atomic 
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Energy Commission (Progress Report, I966). They found con­
siderable overlap of roots and of nitrate uptake by roots 
of both the first and second adjoining plants within the 4-12 
and 12-24 inch zones in the profile. 
The most comprehensive study of this nature to date was 
carried out by Gass et al. (1971) on a Sharpsburg silty clay 
loam in Nebraska. They injected small amounts of labeled 
nitrate at depths of 4, 24, 48, and 72 inches in a 10-plant 
subplot area planted to com. The soils studied contained 
364, 417, and 519 lb of inorganic N/acre to a depth of six 
feet. They found that nitrate was removed to a depth of 72 
inches, but only on plots with low amounts of residual N. and 
after com had reached the blister stage of development. At 
higher residual nitrate levels and up to the early silk stage, 
uptake was limited mainly to the 0-24 inch layer. 
The majority of the studies cited indicate that some 
accumulation of nitrate occurs in soils from N fertilizer 
rates commonly applied to com and that succeeding crops have 
the ability to remove this residual nitrate from various soil 
depths. Most of the uptake data has been obtained from in­
jected nitrate, has not been quantitative, and has not related 
yield to nitrate uptake. More quantitative evaluation is 
needed to undez^tand the effect of amount and position of 
residual nitrate upon com yields and to relate its effective­
ness to other interacting fertility, soil and weather factors. 
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Corn Root Development 
Roots function to anchor plants and to absorb moisture 
and nutrients from the soil. Adequate root development and 
distribution are of prime importance for efficient nutrient 
and water utilization and ultimately for the attainment of 
optimum plant yields. The depth of root development is ob­
viously important in determining potential utilization of 
accumulated soil nitrate by corn. 
While the development of above-ground portions of the 
com plant during the growth cycle has been well documented 
(Hanway, 1962a, 1962b, I963), only limited information is 
available describing the chronological development of the 
root system (Poth, 1962; Mengel and Barber, 1974). Further­
more, root development may be extensively modified or influ­
enced by a number of factors including the genetic character 
of the plant, various soil properties and environmental condi­
tions (Pehrenbacker et al., i960). Mengel and Barber (197%) 
found that a consolidated layer in a silt loam soil prevented 
com root development below 30 inches, and Davies and Runge 
(1969) noted a significant correlation between bulk density 
and variations in com root weight in four different soils of 
Illinois. Soil strength, as measured by a recording soil 
penetrometer, had a strong influence on root development in a 
number of studies on several soils (Grimes, Miller, and Wiley, 
1975; Taylor and Gardner, 1963). Poor drainage, depth to a 
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water table, and aeration were also influential in limiting or 
enhancing root development (Follett, Allmaras, and Reichman, 
1974; Wesseling et al., 1957). Fertility level, soil type, 
and soil management practices modify root development (Fehren-
backer, Ray, and Alexander, 1968; Davies and Runge, 1969). 
Barber (1971) found that com roots developed more extensively 
to greater depths with conventional plow-disk tillage than with 
no tillage or limited tillage. 
Various methods have been used for measuring com root 
growth. These include excavating the entire root system of 
isolated plants (Welling, 1935), excavating a slab of soil 
containing a portion of the root system of com grown at normal 
populations (Foth, 1962), examining the face of soil containers 
in a rhizotron (Taylor et al., 1970), and radioisotopic injec­
tion of plants or soils followed by soil or plant analysis 
(Hall et al., 1953; Ellis and Barnes, 1973). The least 
laborious and expensive of the methods developed is to take 
core samples of soil in the root zone to estimate the amount 
and distribution of roots (Fehrenbacker and Alexander, 1955; 
Barber, 1971> Raper and Barber, 1971), The latter method is 
advantageous for use on long-term field plots or on plots 
requiring several samplings during the year. 
Hall et alt (1953) found that early development of corn 
roots was mainly lateral in Norfolk sandy loam and Cecil clay 
loam soils. However, after only four weeks roots had developed 
to a depth of 20 inches. Similarly, Foth and coworkers 
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(I960, 1962) observed that root development in a Conover loam 
soil in Michigan was primarily lateral and limited to the upper 
foot of soil for the first 35 days after planting, but vertical 
growth was prominent thereafter. Root weight continued to in­
crease in the surface throughout the season and roots were 
first observed in the 30-36 inch depths after 67 days. At 
maturity only 2# of the root weight occurred between 2 and 3 
feet, the lowest depth of measurement. This is somewhat lower 
than the 10-20# found below 30 inches by Pollett et al. (1974), 
Mengel and Barber (1974) from Indiana studied root devel­
opment (length and fresh weight) at various intervals between 
planting and maturity and determined the relationship between 
root development and the growth stages of the com shoot. 
Rapid increases in root length and fresh weight were observed 
for the first 80 days. Thereafter, relatively constant root 
levels were maintained for 14 days, followed by a decrease in 
roots during the reproductive stage. These observations 
parallel those of Foth (I962) who observed little change in 
root weight after 80 days. Under the conditions of the 
Indiana study the maximum extent of the root system was best 
measured by samples obtained at the tasseling stage, A con­
solidated layer restricted root development below JO inches in 
the Chalmer silt loam used in this study. 
These data indicate that the depth of com root develop­
ment depends on a number of soil, crop, and climatic factors 
that may be specific for a given soil or area. A majority of 
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the reviewed studies showed that roots below 2-3 feet repre­
sented only 2 to 20% of the total root production. The 
importance of these deeper roots may be greater than their 
proportions, however, since they develop at a time of peak 
nutrient and water need and in zones that may have abundant 
moisture and nitrate. Taylor and Klepper (1973) found water 
uptake per centimeter of com root was greater at lower root 
densities and suggested that the effect was due to younger 
more penneable roots at the low root densities that would be 
found at lower soil depths. Thus, they concluded that roots 
deep in the profile were as effective or more effective for 
water uptake than shallow roots. The corollary for nutrient 
uptake has not been established, but the possibility of a 
similar relationship is likely. 
Influence of Nitrogen on Soybean Yields 
It has long been recognized that soybeans derive their 
nitrogen from mineralization of soil N, from fertilizers, and 
from the symbiotic fixation of atmospheric nitrogen by 
Rhizobium jiaponicum. However, the amounts derived from each 
source have been widely debated. The reported contributions 
from symbiosis in field soils have ranged from 1% in a dry 
season to when soil N was partly immobilized by organic 
residues (Weber, 1966). Weber (1966) also estimated that with 
good growth conditions soybean seed contained I60-I70 lb 
N/acre and that only was fixed symbiotically. Thus, about 
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100 lb N/acre would need to come from soil sources. Consider­
ing the large amount of N required in the short three- to 
four-month growth period, it is not surprising that there has 
been considerable interest in the effectiveness of N fer­
tilizers applied to soybeans. However, an extensive literature 
review by deMooy, Pesek, and Spaldon (1973) indicates that ob­
served responses have been variable and contradictory, despite 
the high N requirement of soybeans. 
Low response to applied N has often been attributed to 
the negative interaction between inorganic soil N and the 
symbiotic Ng-fixation process. Alios and Bartholomew (1959) 
suggested that soybeans prefer combined N and only fix N when 
combined N was inadequate. This conclusion was based on the 
widely reported reduction of symbiotically produced N when 
fertilizer nitrogen is applied (deMooy et al., 1973). This 
effect has been attributed to the decrease in size and number 
of nodules caused by N fertilizer application. In growth 
chamber studies. Harper and Cooper (1971) recently found that 
deep placement of 150 ppm of N as NHji^NO^ allowed greater uptake 
of nitrate than a uniform incorporation of 50 ppm N without 
concomitant inhibitory effects on nodulation. They suggested 
that the detrimental effect on nodulation could partly be 
overcome by deep placement of fertilizer N. 
Most of the studies dealing with N fertilization of soy­
beans in the U.S. indicate a lack of response or a non-
profitable increase in yields. Welch ét al. (1973) reported 
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that soybean yields at several locations in Illinois over a 
period of several years were not increased from either direct 
or residual N. They found yield increases from N in only 3 
of 133 instances, and these occurred at high, uneconomical 
rates of fertilizer. Beard and Hoover (1971) and Hardy and 
Holsten (1971) likewise found no response to applied N under 
California and Delaware conditions, respectively. 
Lyons and Early (1952) observed that soybean yields in­
creased from NHj^NO^ applications in a hot, dry growing season, 
but showed little increase when rainfall was adequate. 
Similarly, Williamson and Diatloff (1975) in Australia found 
no response to N under normal rainfall and temperature condi­
tions, but good response under a low rainfall, high tempera­
ture climate. They suggested that N-fixation processes were 
more sensitive to adverse weather conditions than root uptake 
of nitrate. However, they failed to recognize that soil 
nitrates may have been available from the profile in their 
study. These results indicate some of the variable results 
which have been observed and the influence of climatic and 
moisture conditions on soybean response to N application. 
Ham et al. (1975). working with three soybean lines on 
three Minnesota sites, found consistent yield increases with 
broadcast applications of 200 lb I^acre from ammonium nitrate, 
urea, sulfur-coated urea, or urea-formaldehyde. Response was 
greater for a nonnodulating line than for the two nodulating 
lines, but seed yield, weight per seed, seed protein percentage 
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and lb protein/acre were increased on nodulating lines from N 
fertilization. They suggested that some of the observed re­
sponse miglit be attributed to low efficiency of the symbiotic 
organisms in fixing Ng. 
deMooy et al. (1973) found that deep placement of N at 
depths of 30 to 60 cm below the row increased yields by 340 
kg/ha at two Iowa locations in a year that few responses were 
observed from surface applied N. 
The data cited suggest that more information is needed to 
understand the conditions under which N fertilization of soy­
beans will be profitable. There is a particular need to de­
termine the effect of residual or accumulated nitrate below 
the zone of nodulation on soybean yields. Information is also 
limited regarding the relative effect of residual and applied 
N on yields. 
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PLANS AND PROCEDURES 
Description of Field Experiments 
Moody experimental plots 
The plots studied are on the Moody Experimental Farm in 
Lyon County in northwest Iowa. A description of the Moody 
silty clay loam (Udic Haplustoll) and a detailed particle size 
analysis giving the various soil separates and the textural 
classification with depth has been reported (Jolley, 1974). 
In general, the Moody silty clay loam soil has a very dark 
grayish brown, friable, silty clay loam A horizon and a very 
dark grayish brown to dark brown silty clay loam B horizon. 
The C horizon is typically a yellowish brown silt loam with 
free carbonates present at about 35-40 inches. The experi­
mental area has a relatively uniform topography with gentle 
slopes in all directions from the highest corner plot. The 
slope from the highest elevation is 0.9#, 1.4#, and 1.5# to 
the east, south, and west corners, respectively. 
The experimental design of the Rate of Planting and 
Nitrogen Experiment as conducted from 1956-1973 is outlined in 
Figure 1. As the outline indicates, this experiment was de­
signed primarily to study the effect of N fertilizer and 
planting rate on continuous com yields. The experiment was 
begun in 1956 and had been underway for 18 years at the time 
the current study was established. The 160* by 240' area 
contained three replicated blocks (160* x 80') designated as 
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MOODY EXPERIMENTAL PLOTS (1956-1973)® 
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^A, B, C and D represent plant populations of 8000, 
12000, 16000 and 20000, respectively, and numbers 1-48 are the 
plot numbers. Although not shown, each plot is subdivided into 
an early and an adapted com variety. 
Figure 1. Experimental design of the Rate of Planting and 
Nitrogen Experiment, Moody Experimental Farm 
(1956^1973) 
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I, II, ill, with each "block divided into four fertilizer plots 
(40' X 80*) which received 0, $0, 100 and 150 lb N/acre 
annually as NH;|^NO^. Each fertilizer plot was divided into four 
subplots for plant populations (8,000; 12,000; 16,000 and 
20,000 plants/acre) and each of these was further subdivided 
for an early and adapted com variety. 
In 1974, the original experimental design was modified 
to establish current levels of N as shown in Figure 2. How­
ever, the long-term treatments involving annual applications 
of NHj^NO^ at rates of 0, 50f 100, and 150 lb N/acre and 16,000 
plants per acre were continued in both 1974 and 1975 as 
originally designed. These treatments are referred to as 
fertilized treatments or levels and designated NoN, 50N, lOON, 
and 15on for the respective rates of N. 
In addition to the fertilized treatments described above, 
residual treatments or levels of the four long-term N rates 
were established by withholding N fertilizer in 1974 and 1975 
from the plots which had previously received the long-term N 
treatments with a plant population of 8,000 plants per acre. 
These unfertilized plots in 197% are referred to as one-year 
residual treatments and are designated NoR, 50R, lOOR, and 
I50R treatments for the respective long-term N rates. 
Fertilizer was withheld from the same plots in 1975 to 
establish two-year residual treatments for each long-term N 
rate. These are designated NoRR, 50rr, lOORR, and 15orr and 
were studied only in 1975* As shown in Figure 3, the original 
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MOODY EXPERIMENTAL PLOTS (1974) 
Block I Block II Block It I 
b 
SON 
12 
SOR^ 
16 
NoR 
20 
NoN 
28 
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ICON 
44 
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11 
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6 
NoR 
10 
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22 
lOOR 
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NoR 
34 
NoN 
42 
so 
lOON 
1 
lOOR 
5 
ISOR 
21 
150N 
25 
SON 
37 
50R 
45 
I- 240 
Single numbers represent the plot numbers. Although it 
is not shown, each plot was subdivided into an early and an 
adapted com variety. Plots were thinned to 16,000 plants/acre. 
^NoN, 50N, lOON and 15ON represent 0, 50» 100 and 150 lb 
N/acre of NH^NO^ applied annually, including 1974. 
®NoR, 50R. lOOR and 15or represent residual N treatments 
which had received annual N applications of 0, 50, 100 and I50 
lb N/acre previous to 1974, but no fertilizer was applied to 
these treatments in 1974. 
Figure 2. Experimental design of the Moody experiment, 1974 
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MOODY EXPERIMENTAL PLOTS (1975)* 
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dumber in lower rows is the plot number. Only the 
adapted variety was planted in 1975. 
NoR, 50Rt lOOR and 150R represent residual N treatments 
which had received annual N applications of 0, 50, 100 and 150 
lb N/acre prior to 1975. No fertilizer was applied in i975. 
°See Figure 2, footnote b, 
^NoRR, 50RR# lOORR and i50rr represent two-year residual 
plots which had received annual N applications of 0, 50, 100 
and 150 lb ryacre previous to 1974. No fertilizer was applied 
in 1974 or 1975. 
Figure 3» Experimental design of the Moody experiment, 1975 
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design was further modified in 1975 to establish one-year resid­
ual plots similar to those used in 1974. The one-year treat­
ments were again designated NoR» 50R, lOOR, and l^OR as in 197^* 
In 1974 all of the plots studied were planted to early 
(Moews SU220) and adapted (Burts A239) varieties and thinned 
to 16,000 plants per acre. Similar practices were used in 
1975 except only one variety (Burts a239) was planted. Com 
grain yields were measured each year by hand harvesting 
approximately 30 feet of the center two rows in each plot. 
Clarion-Webster experimental plots 
The experiment was cônducted on the N-K Experiment estab­
lished in 1967 at the Clarion-Webster Experimental Farm in 
northcentral Iowa near Kanawha. The soil is on a relatively 
level Webster silty clay loam (Typic Haplaquoll). 
/ t 0x0 t ooii. i 
V \ W f ( "T / TVAO VX VV 
study the effects of different levels of N and K on continuous 
com yields. All combinations of the five rates of N (0, 40, 
80, 160, and 320 lb N/acre) and the five rates of K (0, 40, 
80, 160, and 320 lb K/acre) were replicated, as shown in 
Figure 4. Potassium was broadcast and plowed in every fall and 
N broadcast and disked in each spring throughout the experi­
mental period. In 1975, K was applied as usual, but the N 
rates were altered and soybeans replaced com. Soil samples 
collected in October of 1974 showed no residual fertilizer 
nitrate to a depth of six feet in the 40- and"80-lb N/acre 
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no. 1975 1974 1975 
1 0 0 0 
2 40 0 0 
3 80 0 0 
u 4 160 0 0 
5 320 0 0 
CQ 
6 0 40 240 
7 40 40 240 
8 80 40 240 
9 160 40 240 
10 320 40 240 
11 0 80 120 
12 40 80 120 
13 80 80 120 
14 160 80 120 
8 15 320 80 120 
CO 16 0 160 0 
17 40 160 0 
18 80 160 0 
19 160 160 0 
20 320 160 0 
21 0 320 0 
22 40 320 0 
23 80 320 0 
24 ' 160 320 0 
25 320 320 0 
26 160 160 0 
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Figure 4. Emerimental design of the N-K Experiment at the 
Clarion-Webster Experimental Farm (i967-1975) 
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treatments when compared with the control treatment. Conse­
quently it was decided to use these plots to study response 
of soybeans to current applications of N fertilizer applied 
in early spring of 1975 at rates of 120 and 240 lb N/acre. 
The 160- and 320-lb N treated plots did contain some residual 
nitrate in the soil profile in the fall of 197% (Table A13» 
Appendix) and were not fertilized in 1975 in order to study the 
effect of the accumulated nitrate on soybean yields. 
The original 20' by 30' plots were split as shown in 
Figure 4 and four 30-inch rows each of nodulated (S) and 
nonnodulated (N) soybean isolines were planted per plot. For 
convenience at planting the four rows of each isoline were 
planted through the entire 390-foot length of the experimental 
area. Sixteen feet of each of the two center rows were har­
vested for yield measurement of each isoline. 
Collection and Preparation of Samples 
Soil samples for nitrate study at the Moody experiment 
Some of the experimental plots were soil sampled at three 
dates in both 1974 and 1975 to provide samples for nitrate 
measurement. The samples were taken in one-foot increments 
to a depth of six feet, using 3A-inch diameter hand probes. 
The number of cores taken per plot vazied for the different 
N-treated plots, as shown in Table 1. The cores from an 
individual plot or part of a plot were composited prior to 
nitrate measurement. The soil samples were taken when the com 
2k 
Table 1. Outline of composite size and time of sampling the 
various N levels studied in 1974 and 1975 
N Gores/ 
Year Date level Plot nos. plot 
1974 All dates* NoR 10, 20, 34 4 
50N 12, 19, 37 8 
50R 16, 31, 45 6 
lOOR 5, 26, 40 8 
1975 June 12 NoN 6, 28, 42 3 
and 50N 12, 19, 37 10 
Sept 30 lOON 1, 22, 44 12 
150N 15, 25, 47 12 
50R 8R. 27R, 41R 8 
lOOR 13R, 18R, 48R 12 
I5OR 3R. 29R, 39R 12 
i5orr 11, 21, 35 10 
ioorrc 5, 26, 40 10 
July 29 NoN 6, 28, 42 3 
50n 12, 19, 37 10 
lOON 1, 22, 44 12 
5OR 8R, 27r, 41R 8 
lOOR i3r, 18R, 48R 12 
Plots were divided in half in 1974 and composites from 
each half were made. Cores in each composite were equal to 
half the number of cores/plot. In 1975» cores/plot are 
equivalent to cores/composite. 
*The three sampling dates were June 10, July 23, and 
September 24, 1974. 
®The lOORR treatment was sampled on September 30 only. 
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plants were 6 to 12 inches high (June), 25 to 75^ silked 
(July) and near physiological maturity (September). A limited 
number of samples were also taken for soil moisture measure­
ment at each sampling date. 
In the 1974 sampling, each plot was divided in half 
(20' X 20') and cores for every depth were composited for each 
half plot. The cores were taken about 10 inches perpendicular 
to and on either side of one com row. The location of each 
core was marked to prevent duplicate sampling at a later date. 
The samples were stored and transported in tied polyethylene 
bags. 
In 1975» both the number of treatments studied and the 
number of cores sampled per treatment were increased as shown 
in Table 1. Cores for every depth were composited for each 
plot. As in 1974, the outer surface of each core section was 
scraped with a spatula before compositing to minimize con­
tamination between foot increments. 
After returning from the field, the samples were stored 
at 38-42°F until dried. Rapid and uniform drying of samples 
was accomplished by spreading them on greenhouse benches at 
temperatures ranging from about 80-110°? and periodically 
crushing and stirring the soil. Air-drying (about 4^ moisture 
by weight) was completed within 24 hours, after which time the 
soil was bagged and stored at 38-42°F until grinding could be 
accomplished. The entire-foot samples were ground with a 
mechanical grinder to pass a 2-mm sieve after which they were 
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mixed thoroughly and subsampled. The subsamples were placed 
in 2-ounce glass bottles, tightly capped, and stored at 38-42°F 
until the time of chemical analysis. 
Soil sampling for nitrate and bulk density at the Clarion-
Webster experiment 
Samples for nitrate and bulk density were taken at one-
foot increments to a depth of six feet on October 29 and 30, 
1974, using a hydraulic-probe truck equipped with a 2-inch 
diameter probe. Samples for nitrate were taken from treatments 
3, 8, 13, 18, and 23 (Figure 4) and represented the 0-, 40-, 
80-, 160-, and 320-lb N/acre treatments at the 80-lb I^acre 
level. Composites for each one-foot depth were made using two 
cores/plot for the NoN, 40N, and 80N rates and three cores/plot 
for the 16on and 32on treatments. Handling and preparation for 
analysis was as described for the Moody experiment. 
Undisturbed core samples were obtained from the three 
replicates of the 80N plots by cutting the center 2-3" from 
each foot sample, sealing it in a polyethylene bag and placing 
it into a small moisture-proof box for protection. The bulk 
density was determined immediately after returning from the 
field by the Saran Method (Laboratory Methods section). 
Moisture content was determined concurrently with the bulk 
density determinations. 
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Soil samples for root distribution analysis 
Samples were taken on September 25. 1974, for the purpose 
of measuring the quantity and distribution of roots at differ­
ent depths and distances from the com row. The row sampled 
for nitrate analysis was also used in this study and all three 
field replicates of the 50R. lOOR, and lOON treatments were 
sampled. A 1 7/8"-diameter Hand probe was used to take cores 
at 5f 10, and 20 inches perpendicular to the com row at two 
different locations in each plot. The cores were separated in­
to six-inch increments from the zero to two feet depths and 
into one-foot increments below two feet. 
Composites were made of the cores from the two locations 
within a plot for each depth and distance from the com row. 
The composites were placed in polyethylene bags for storage 
and transport. Samples were immediately air-dried as de­
scribed for nitrate and stored in polyethylene bags at 
until root length and weight were determined. 
Com grain, whole plant. and leaf samples for yield and N 
analysis 
Grain yield of com was measured from the two middle rows 
of each plot. The harvest area consisted of 33-3 fe#t of two 
40-inch rows in 1974 and 30 feet of two 40-inch rows in 1975» 
The shorter harvest area in 1975 permitted the removal of 10 
plants for stover yield and N analysis in July. The entire 
sample of ear com was shelled and weighed in both years and a 
subsample was collected for the determination of moisture. 
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These subsamples were weighed and dried at 65°C for at least 
three days. The moisture content was calculated with an 
allowance for 3.0# moisture at the oven-dried weight. Com 
grain yields were calculated on a 15*5# moisture basis. The 
subsamples removed for moisture measurement were used for 
chemical analysis. The samples were subsequently finely ground 
through a stainless steel screen and stored in glass bottles 
preparatory to chemical analysis. 
Whole com plots were sampled in 1974 and 1975 to deter­
mine stover yield and N removal. For this purpose, 10 plants 
per plot were removed from the harvest area at the stage of 
physiological maturity. The com grain removed from each plot 
at this stage was weighed and included in the final yield. 
Ten plants per plot were also removed from the northwest 3.3 
feet of harvest area on July 28, 1975» to give an estimate of 
the stover yield and N removal at this stage of corn develop­
ment. This reduced the final harvest area in 1975 to 30 feet 
per row as previously discussed. 
The harvested plants were dried at 70°C for at least 14 
days, and the shelled grain and stover were weighed separately 
for those harvested at physiological maturity. Stover yields 
were expressed on an oven-dry basis. The oven-dried samples 
were coarsely ground in a hammer mill following which sub-
samples were removed for fine grinding through a stainless 
steel screen. These samples were stored in glass bottles for 
later chemical analysis. 
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Chemical analyses of leaf samples were also used to 
assess the N status of plants receiving the different applied 
and residual N treatments. These samples were collected 
when the plants were near the 1% silking stage. Due to N 
deficiency and moisture stress some plants did not reach the 
75^ silking stage in 1974; nonetheless, all treatments were 
sampled by July 30. Nearly all treatments had achieved 75?% 
silking in 1975 when sampled on July 28. The leaf opposite 
and just below the ear was removed from 20 plants within the 
harvest area of each plot. These samples were oven-dried at 
65°C, finely ground through a stainless steel screen, stored in 
glass bottles, and later analyzed for total N. 
Laboratory Methods 
Nitrate and exchangeable ammonium 
Exchangeable ammonium and nitrate in soil samples were 
determined by the method outlined by Keeney and Bremner (1966). 
Pour grams of less than 2-ram soil was weighed into a 250-ml 
distillation flask and 20 ml of 2M KCl and 0.2 g of MgO were 
added. Steam was passed into the mixture and 25 ml of dis­
tillate was collected in a 50-^1 Erlenmeyer flask containing 
5 ml of boric acid indicator. This distillate contained the 
exchangeable ammonium. Four-tenths grams of Devarda's alloy 
was then added through the side arm of the distillation flask, 
and steam was again passed into the mixture until 25 nil of 
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distillate were again collected in 5 ml of boric acid indi­
cator solution. This distillate contained the nitrate and any 
nitrite nitrogen present. The N was determined by titration 
of the distillate with standard HgSO^. 
Bulk density 
Bulk density was determined by the Saran-coated clod 
method outlined in the Soil Survey Investi^tions Report No. 1 
(1967). Undisturbed, field-moist soil clods were fastened 
with a light, previously weighed wire and immersed several 
times in the Saran solution. The Saran-covered clod was 
allowed to dry for 30 minutes and dipped into the Saran a 
second time and allowed to dry. The clod was next oven-dried 
at 105°C to constant weight, after which the oven-dry weight 
was determined. The soil was then washed and screened with 
all particles greater than 2 m being retained on the screen. 
The Saran, the >2 mm fraction, and the wire were then oven-
dried and their oven-dry weights determined. Calculation of 
bulk density was as follows» 
T>n - wt clod (OP) - wt >2 mm (OP) - wt coat (OP) - wt wire (OP) 
" vol clod I wet J - vol >2 mm - vol coat 
where: 
BP = bulk density of the field moist soil 
wt clod (OP) = weight of oven-dry coated clod 
wt >2 mm - weight of material >2 mm separated from clod 
after oven-drying 
wt coat (OP) = weight of the coat after oven-drying 
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wt wire (OD) = tared-weight of the wire 
vol clod (wet) = volume of the undisturbed clod at field 
moisture 
vol >2 mm = volume of material >2 mm separated from clod 
after oven-drying (estimated) 
vol coat = volume of Saran coating (estimated) 
Plant analysis for N 
The N determination was made according to a revised ver­
sion of the procedure outlined by Hanway (1962b). Finely 
ground plant material was oven-dried at 65°C for 24 hours, and 
0.5 g was weighed into a 100-ml volumetric flask containing a 
small quantity of copper catalyst and 10 ml of HgSO/j,. The 
mixture was digested by boiling until digestion was complete 
and brought to volume with distilled water. Nitrogen was 
determined by steam distillation of a 5-ml aliquot of digest 
and 5 i3l of 5 N NaOK solution» The distillate was collected 
in boric acid indicator solution and titrated with standard 
HgSO^ (Bremner and Keeney, 1965)* 
Root length and, weight 
The air-dried samples obtained for root measurement were 
weighed and placed in 1300 ml of water to which a half 
teaspoon of Calgon had been added. They were allowed to 
soak for a minimum of 14 hours after which they were washed 
thoroughly over a wire screen. The roots were removed from 
the screen with tweezers, placed in two-ounce bottles of 
distilled water and stored at 38-42°P, After root length was 
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measured as described below, root weight was measured by 
placing the moist roots in aluminum weighing dishes, oven-
drying at 65®C for 48 hours, cooling in a desiccator, and 
weighing on an analytical balance. 
Root length was determined using the line intersection 
method outlined by Newman (1966). He found that root length 
could be estimated by the relation: 
where R is the total root length, N is the number of inter­
sections between the root and the straight lines of a 
rectangle, A is the area of the rectangle, and H is the total 
length of the straight lines of the rectangle. Since a square 
of approximately 15*1 cm was used, the equation was* 
R = K=O.5153N 
\ ^  / \ • ^  / 
The number of crossings (N) was determined by spreading the 
roots on the square and counting. 
Statistical Procedures 
An analysis of variance was calculated for the yield and 
N content of the various plant parts, and a least significant 
difference (LSD^q^) at the % level of significance was also 
calculated to compare the various treatment effects. In these 
analyses, N rate (long-term) was the main plot treatment 
and current level (fertilized or residual) was the subplot 
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treatment. 
Analysis of variance for nitrate content was originally 
calculated using N level as the main plot, date of sampling 
as the subplot, and depth as the sub-subplot treatments. 
However, greater errors were associated with depth than with 
date (presumably as a result of compositing), and in the final 
analysis N level was used as the main plot, depth as the sub­
plot and date as the sub-subplot treatments. The latter is 
believed to be the correct analysis. Analysis of variance 
was also calculated by depth to delineate the depths where 
significant differences in nitrate level with time were found. 
Analysis of variance was calculated to determine the 
overall effect of N treatment, distance from the plant, and 
depth in the soil on root weight and length. Analysis of 
variance by depth was also calculated to determine the depth 
where significant differences in root length and wei^t with 
distance occurred. 
Analysis of variance for the overall effect of K and N 
on yield of soybeans also included four orthogonal comparisons* 
(a) control vs nitrogen, (b) applied vs residual, (c) high 
applied vs low applied, and (d) high residual vs low residual. 
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RESULTS AND DISCUSSION 
General Information 
The overall experimental design was discussed in detail 
in the Plans and Procedures and the current levels of N estab­
lished for the purpose of this study are shown in Figures 1, 2, 
and 3. Plots that had received annual applications of 0, $0, 
100, and I50 lb N/acre since 1956 were continued as originally 
designed in both 1974 and 1975. These are referred to a fer­
tilized treatments and the respective N levels are designated 
NoN, 50N, lOON, and 15on. In 1974 and 1975. N fertilizer was 
withheld from plots previously fertilized at rates of 0, 50 ,  
100, and 150 lb N/acre and previously thinned to 8000 plants 
per acre. These unfertilized plots are referred to as residual 
or one-year residual treatments in 1974 and are designated 
NoR, 50R, lOOR, and 15OR, respectively. In 1975. N fertilizer 
was again withheld from these plots, providing two-year 
residual treatments which are designated NoRR, 50RR, lOORR, and 
15orr for the respective treatments. New one-year residual 
plots were established in 1975 from existing fertilized plots, 
and were again designated NoR, 50R, lOOR, and 15or. All 
treatments were thinned to 16,000 plants per acre in both 
years. 
In 1974, yields were measured for two varieties, early 
and adapted. Soil nitrate analysis for three sampling dates 
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was limited to the plots involving the adapted variety and to 
the NoRi 50N, 5OR1 and lOOR levels of N. Root distribution to 
a depth of six feet at distances of 5, 10, and 20 inches per­
pendicular to the plant root were obtained from the 50R. lOOR, 
and ICON levels. In 1975. only the adapted variety was grown 
and soil sampling for nitrate was more extensive (Table 1), 
Five of the possible 12 treatments were soil sampled for 
nitrate analysis at three sampling dates, and three others 
were sampled in June and September only. Root distribution 
measurements were not made in 1975* Various leaf, com grain, 
and whole plant samples were harvested for N analysis from all 
residual and fertilized treatments. 
The location and description of the Moody silty clay loam 
soil on which the experiment was conducted were previously 
discussed in the Plans and Procedures. In order to more 
accurately quantify the nitrate in the profile as lb N/acre-
foot, the bulk densities determined to a depth of six feet 
from a previous study are given in Table 2. The corresponding 
values in millions lb of soil/acre-foot are also given for 
each one-foot layer. The generally low and gradually increas­
ing bulk density with depth is characteristic of this loess-
derived soil. 
Table 3 gives the monthly precipitation and temperature 
at the Moody Experimental Farm for the two years of the study 
as compared to the long-term averages. Since precipitation is 
measured at the farm only from April 1 through October 3I, the 
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Table 2, Bulk density measurements with depth for the Moody 
silty clay loam® 
Depth, 
feet 
Bulk density, 
g/cc 
Millions of % 
lb/acre-foot 
0-1 1.23 3.345 
1-2 1.27 3.454 
2-3 1.33 3.617 
3-4 1.33 3.617 
4-5 1.33 3.617 
5-6 1.45 3.943 
%ore detailed information is given by Jolley (197^)» 
^These values were used to convert ppm N of nitrate to 
lb N/acre. 
precipitation data from November 1 to Wareh 31 were obtained 
at the nearby official weather station at Rock Rapids (National 
Oceanic and Atmospheric Administration, Iowa climatological 
data, 197^-1975)» All temperatures were measured at Rock 
Rapids. These data indicate that the major portion of the 
precipitation generally fell when the surface soil was dry 
and when absorption and utilization by the crop was high, thus, 
minimizing the movement of water and nitrate through the soil 
profile and out of the zone of measurement. 
More detailed precipitation data for each week during the 
1974 and 1975 growing seasons were measured at the experimental 
Table 3, Average monthly precipitation and temperature at the Moody Experimental 
Farm for 197^ and 1975 as compared to the normal 
No. of days 
Month^ 
Precipitation. inches Temperature. degrees F above 90^F 
1974 1975 Noiroal® 1974 1975 Normal 1974 1975 
January 0.13 2.23 0.53 11.9 16.2 15.3 0 0 
February 0.16 0.39 0.95 23.2 15.4 20.6 0 0 
March 1.28 1.71 1.43 33.9 23.8 31.0 0 0 
April 0.52 3.33 2.10 48.0 41.1 47.2 0 0 
May 2.90 1.58 3.15 56.8 61.5 59.0 0 4 
June 2.90 6.22 4.01 68.2 66.6 68.4 6 2 
July 1.01 2.01 3.20 78.1 75.0 73.3 23 18 
August 6.52 6.75 3.63 67.5 72.7 71.5 1 7 
September 1.10 1.47 2.7? 56.9 57.6 61.6 0 1 
October 0.81 0.35 1.75 48.8 51.4 51.1 0 0 
November 0.36 4.77 0.85 34.6 35.1 34.2 0 0 
December 0.23 0.24 0.69 23.4 20.2 21.2 0 0 
Total 17.92 31.05 25.06 
Measured at Rock Rapids, Iowa,, 
^Values from November through March are from the nearby official weather 
station at Rock Rapids. 
^Normal is the average precipitation from 1956. 
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farm and are given in Table Al. Precipitation in 197^ was well 
below normal, especially during the critical tasseling and 
silking period in July. This was associated with above aver­
age temperatures, as indicated by the fact that the temperature 
reached or exceeded 90°P on 23 days in July (Table 3)» The 
average available soil moisture for three dates given in Table 
A2 indicates that precipitation during any particular storm was 
probably not enough to penetrate the soil more them 12-24 
inches. 
In 1975» precipitation for the entire year was above 
average by nearly six inches, but exceeded the average by only 
one inch during the growing season. Unusually high amounts of 
precipitation were received in January and November. Above 
average rainfall also occurred in June and August, but only 
one individual rain (August) exceeded two inches. As in 1974, 
penetration into the soil was largely limited to the surface 24 
inches (Table A3). During the critical period in July, tem­
peratures were again above average, with 18 days at or above 
90®F (Table 3)» and precipitation was low. On Ju]y 23, I.91 
inches of rain limited moisture stress to a few days, but 
heavy winds which accompanied this rain caused some stalk 
breakage and severe lodging. 
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Nitrate Uptake by Com 
Moody experiment - 1974 
The current levels of N established in 1974 are re­
ferred to as fertilized (NoN, 50N» lOON. and 15on) and one-year 
or Ist-year residual (NoR« 50R» lOOR, and 15or) levels. Soil 
samples for nitrate uptake measurements were taken to a depth 
of six feet in June, July, and September from the NoR, $0R, 
lOOR, and 50N treatments. 
The detailed data of soil nitrate content with depth for 
the three dates and the four N levels studied are given in 
Table A6. Considerable variation was observed in nitrate 
accumulation for a particular N treatment and the variation 
increased as the N level increased. This is not surprising in 
view of the variations often observed in soils, the labor 
rêstrietion on sampling, and the 18-year period of fertiliza­
tion. A previous study of these plots showed somewhat similar, 
but slightly lower, variation (Jolley, 1974). 
The average nitrate content in samples from each N treat­
ment at the various depths on the three dates are summarized 
in Table 4. In general, nitrate content decreased with time 
at all depths and the greatest decrease occurred between the 
June and July samplings. Considerable variation with time was 
observed in the 3-6* depths of the lOOR treatment. The reason 
for this erratic behavior is not entirely understood, but may 
be related to the size and handling of the composite samples. 
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Table 4. Summary of the nitrate content of the soil with 
depth at three dates for various applied and re­
sidual N levels, 1974 
N 
level 
Depth, 
feet 
Nitrate content on indicated date, 
lb N/acre^ 
June July Sept 
NoR 0-1 37.9 15.7 17.0 
1-2 12.9 8.3 5.6 
2-3 7.3 4.3 4.4 
3-4 4.6 4.2 4.5 
4-5 10.2 4.8 4.8 
5-6 7.6 4.8 4.7 
Total 80.5 42.1 41.0 
SON* 0-1 69.6 19.3 17.1 
1-2 17.5 10.4 5.7 
2-3 8.4 5.4 4.2 
3-4 6.7 5.4 4.0 
4-5 8.0 5.8 2.9 
5-6 7.5 6.3 4.9 
Total 117.7 52.6 38.8 
50R 0-1 43.5 15.5 15.7 
1-2 15.9 6.4 6,1 
2-3 11.6 6.3 4.7 
3-4 7.1 5.6 5.1 
4-5 16.3 12.0 4.2 
5-6 20.9 16.0 11.8 
Total 115.3 61.8 47.6 
IGOR 0-1 54.4 18.3 21.0 
1-2 20.2 9.6 6.6 
2-3 14.2 9.6 4.8 
3-4 21.5 39.4 14.0 
4-5 75.4 142.0 103.8 
5-6 145.0 214.1 210.5 
Total 330.7 433.0 360.7 
^Sampled on June 10, July 23. and September 24. Values 
were calculated using the bulk densities in Table 2. 
^Block II was excluded from the average for July and 
September because no equivalent data were available for June. 
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Althou^ the data for all three dates are given in Table 
4, the data for June and September are most valuable in 
assessing the total removal of soil nitrate by com during the 
growing season. Therefore, only the latter data are discussed 
and analyzed in detail. The data for June and September are 
shown graphically in Figures 5 and 6. Nitrate content seem­
ingly decreased with time to a depth of six feet for the NoR, 
50R, and 50N levels of N and to a depth of four feet for the 
lOOR treatment. These decreases in nitrate content with time 
(date of sampling) were highly significant as shown by the 
analysis of variance in Table 5» 
Nitrogen level significantly affected (13# level of sig­
nificance) the overall nitrate content of the soil, and N 
content changed significantly with depth. Each of the inter­
actions was also highly significant, which generally would be 
expected in this type of experiment. The depth by date inter­
action can be e:q)lained by large decreases in nitrate with 
time in the 0-1* layer, small decreases in the 1-4* layers, and 
no consistent changes below four feet. Nitrate content was 
relatively uniform for the 1-3* layer regardless of N treat­
ment, but increased with increasing N level for the other 
depths. This N level by depth interaction for the deeper 
depths could result from a combination of crop removal of 
nitrate in the 1-3* zone and movement of nitrate with percolat­
ing soil moisture. Nitrate levels observed in the surface 
layer could result from fertilization or from greater 
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Figure 5> Nitrate content of the soil at different depths 
as measured in June and September for the NoN, 
50N, and 50R levels, 197% 
NOg-N, lb N/acre 
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Figure 6. Nitrate content of the soil at different depths as measured in June 
and September for the lOOR level, 1974 
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Table 5» Analysis of variance for nitrate content of the 
soil, 1974* 
Source of variation Degrees of freedom Mean square 
Block 2 8090 
N level 3 18529 
Error (a) 6 6492 
Depth 5 7626* 
N level X depth 15 6893** 
Error (b) 40 2486 
Date 1 1443** 
Depth X date 5 1458** 
N level x date 3 572** 
N level x date x depth 15 412** 
Error (c) 48 124 
^June and September data. 
level of significance. 
level of significance. 
mineralization at the higher residual N levels. 
The analysis of the data by depth in Table 6 suggests that 
much of the variability was within the 4-6* layers and rela­
tively less within the 0-1' layer. The small error associated 
with the 1-4* zones indicates relative uniformity in these 
depths, which might lead to an overestimation of the 
Table 6, Analysis of variance by depth for nitrate content of the soil, 197^^ 
Source of 
variation 
jjegrees 
of 
freedom 
Mean squares for depth (feet) 
0-1 1-2 2-3 3-4 4-5 5-6 
Block 2 33.7 17.2** 2.4 116.6 6638 14842 
N level 3 342.2** 17.3** 18.0* 231.5 10027 42356 
Error (a) 6 11.1 0.9 3.0 89.7 6400 12038 
Date 1 6696.7** 693.3** 207.1** 53.4** 18 1065 
N level X date 3 258.2** 12.0** 12.4** 14.9++ 495 1840 
Error (b) 8 16.3 1.0 1.3 3.9 248 472 
^Data for June and September. 
**1?S level of significance. 
*59S level of significance. 
++10^ level of significance. 
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significance of some of the interaction terms tested by 
"error c" in Table 5* The lack of significance due to N 
level below three feet is probably related to the variability 
of the lOOR level with time, as well as the decrease of the 
NoR, $0R, and 50N levels to nearly equal nitrate levels in 
September. Time of sampling (date) significantly affected the 
nitrate content to a depth of four feet. This effect was a 
decrease in nitrate with time for these depths. The signifi­
cant effect of the N level by date interaction was similar for 
the four depths involved; the decrease in nitrate from June to 
September for à given depth was greater as the N level 
increased. 
The decreases in soil nitrate with time will be referred 
to as nitrate removal or uptake, even though some of the de­
creases observed may have resulted from other processes such 
as denitrification or immobilization. The amounts of nitrate 
removed from the various soil depths and the total amounts 
removed to a depth of four feet for different N levels are 
given in columns 2, 3, 4, and 5 of Table ?• The total uptake 
ranged from 31.2 lb N/acre for the NoR level of N to 71.2 
lb N/acre for the 50N level. The percentages of the total 
amount removed from each depth for the various R levels are 
also given in Table ?• Between 52 and of the total was 
removed from the 0-1* layer, but between 10 and 275^ of the 
nitrate was still obtained below two feet. Note that where N 
was applied in the spring (50N), uptake was largely limited to 
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Table 7. The amounts of nitrate and the percentage of the 
total removed from different soil depths at various 
levels of N, 1974* 
Nitrate uptake at indicated N level 
Depth, NoR 50R lOOR 50N NoR 50R lOOR 50N 
feet —-—lb N/acre-foot -Percentage of total-
0-1 20.9 27.8 33.4 52.5 67 60 52 74 
1-2 7.3 9.8 13.6 11.8 23 21 21 16 
2-3 2.9 6.9 9.4 4.2 9 15 15 6 
3-4 0.1 2.0 7.5 2.7 1 4 12 4 
Total 31.2 46.5 63.9 71.2 100 100 100 100 
^Values are the decreases in soil nitrate from June to 
September. 
the surface, but as the residual N level increased, the uptake 
below two feet also increased. 
The decrease of soil nitrate for each N level from June 
to July and its relationship to the decrease for the entire 
season is given in Table 8. From 87^ to 97^ of the decreases 
measured in the soil occurred by July for most N levels. The 
low value for the lOOR level is due, in part, to inconsistent 
data with time in the 3-4* layer, but if the layer is excluded, 
the values are still below the other N levels (51 «3 lb N/acre 
and 8o^ of the total). 
The decreases of soil nitrate from the June to July 
sampling dates were confined to the 0-4' zone (Table 4). From 
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Table 8. The decrease in soil nitrate from June to July as 
compared to the total decrease through September for 
various N levels, 1974 
N 
level 
Nitrate uptake from June to July to 
a depth of four feet as* . 
lb N/A % of total* 
NoR 30.2 97 
50R 44.3 95 
loorb 33.4 52 
50N 61.7 87 
*Based on the total uptake from June to September in 
Table 
Low values are due, in part, to inconsistent data in the 
3-4* layer. Values excluding this layer for July are 51.3 lb 
N/A and 80^. 
the July to September dates, however, no consistent changes 
occurred in the 0-1* layer and the decreases were limited to 
the 1-4* zone. Rainfall in August and September may have 
stimulated mineralization and, thus, maintained nitrate levels 
in the surface. 
Nitrate is a mobile ion, but potential movement into the 
soil would be dependent on excess moisture and would be 
greatest before the crop utilizes soil moisture. During the 
growing season movement would be minimized because (a) plants 
intercept some precipitation which is lost to evaporation 
without reaching the soil, and (b) the surface soil is dry and 
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has the capacity to absorb moisture before it percolates into 
the profile. In the present study, no attempt was made to 
keep precipitation from the plots, but unreplicated moisture 
measurements were made on each of the three sampling dates to 
assess possible water movement. The data for four N treat­
ments , expressed as inches of available moisture, are given in 
Table A2. 
The graphical representation of the moisture data for the 
NoN and the I50N treatments for three dates are shown in 
Figure 7. Moisture content decreased in July to a depth of 
four and five feet for the NoN and I50N soils, respectively, 
and moisture in the surface three feet was very low, especially 
for the 15ON treatment. The rainfall in August and September 
(Table Al) was intercepted by the surface 0-1* and 1-2* soil 
layers, and additional soil moisture was absorbed from the 
lower subsoil lexers. The low moisture level in the 2-3* zone 
in July was maintained through September. Thus, loss of 
nitrate beyond this zone of measurement seems unlikely. 
Except for the surface layer in the spring, moisture with 
depth was much lower for the fertilized soils than for the 
control (NoN) soil (Table A2). The changes in available mois­
ture with time and the total inches used by the crop during the 
season given in Table 9 show a trend for greater crop utiliza­
tion of moisture in fertilized soils. This trend is especially 
apparent from June to July* the trend based on total crop 
requirement is less consistent. It should be pointed out that 
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Figure 7. Inches of available moisture at different depths 
in the soil for three dates for the NoN and 150N 
plots, 1974 
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Table 9. Changes in available soil moisture with time and the 
total moisture used by the crop during the season at 
various N levels, 1974 
Change in available moisture, 
N 
level 
inches®-
June to July June to Sept 
Total inches, 
used by crop 
NoN 4.76 4.10 14.70 
50N 5.42 4.28 14.88 
lOON 5.75 3.77 14.37 
I50N 7.19 6.41 17.01 
Changes are to a depth of six feet. 
^Total precipitation from June 10 to September 24 was 
10.60 inches. 
these moisture data are based on unreplicated measurements and 
the trends observed could not be tested statistically. 
Moody experiment - 1975 
Soil sampling for nitrate measurements was more extensive 
in 1975 than in 1974. The current levels of N are referred 
to as fertilized (NoN, 50N, lOON, and 150N), one-year or 1st-
year residual (NoR, 50R» lOOR, and I50R), and two-year or 
2nd-year residual (NoRR, 50rr, lOORR, and 15orr). Soils were 
sampled in one-foot increments to a depth of six feet in June, 
July, and September for the NoN, 50N, 50R, lOON, and lOOR 
treatments, in June and September for the 15on, 15or, and 
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150RR treatments. 
The detailed data of soil nitrate content with depth for 
the three dates and the various N levels are given in Table 
A?. As in 1974, nitrate accumulation within a given N treat­
ment was quite variable but increased as N level increased. 
The data are summarized for the three dates in Table 10. As 
in 1974, nitrate content decreased with time to a depth of 
four feet. The values for the 4-5' and 5-6' depths with the 
high N levels were much less erratic than in 1974. 
Since more data are available and the total removal of 
nitrate by com during the season is represented by the June to 
September data, discussion and analysis will be largely limited 
to these data. The measurements in June and September for the 
various N levels are shown graphically in Figures 8, 9» and 
10. Nitrate content of the soil generally decreased with time 
to a depth of four feet on all N treatments and the apparent 
decrease was to greater depths for the 50N, 50R, lOON, and 
lOOR treatments. A sli^t increase occurred in the 3-4* 
layer of the NoN treatment in September which may have resulted 
from downward leaching of mineralized N in these plots or from 
contamination of the samples. However, the increases were 
observed in all three field replicates. The large accumula­
tion observed in the 3-4' layer of the 50N treatment in June 
(Figure 8) seems inconsistent with the other treatments in 
1975 and with the 197% data, but the values were consistent 
for all three field replications. The slight increase in 
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Table 10. Summary of the nitrate content of the soil with 
depth at three dates for various applied and re 
sidual N levels, 1975 
Nitrate content on indicated date^. lb N/acre 
uepwn1 
feet June July Sept June July Sept 
NoN 
0-1 31.5 14.7 15.2 
1-2 9.6 4.6 4.6 
2-3 2.8 2.6 1.7 
3-4 3.7 9.2 12.3 
4-5 2.5 3.0 1.1 
5-6 2.4 3.3 1.5 
Total 52.5 37.4 36.4 
iON iOR 
0-1 115.3 21.5 17.2 40.3 19.6 16.6 
1-2 14.0 5.6 5.0 10.7 5.7 4.9 
2-3 8.1 4.2 2.4 10.1 2.2 1.2 
3-4 41.6 12.5 4.8 6.4 7.0 7.7 
4-5 5.8 6.5 0.9 6.3 2.4 1.9 
5-6 6.4 7.3 2.1 8.3 5.1 8.9 
Total 191.2 57.6 32.4 82.1 42.0 41.2 
lOON lOOR 
0-1 134.1 30.2 35.4 56.5 19.2 27.8 
1-2 23.9 18.3 17.5 15.0 6.1 6.9 
2-3 21.7 13.0 10.4 16.3 5.2 4.0 
3-4 37.3 26.0 8.1 14.7 26.6 4.1 
4-5 72.0 47.6 64.5 24.8 16.8 11.8 
5-6 119.9 114.3 116.3 110.5 71.6 65.8 
Total 408.9 249.4 252.2 237.8 145.5 120.4 
I50R 
0-1 173.7 - 41.8 50.4 - 28.0 
1-2 46.1 - 50.4 33.0 - 7.8 
2-3 65*8 - 34.0 47.6 - 12.4 
3-4 97,7 - 79.6 65» 8 - 47.9 
4-5 265.7 - 266.2 157.7 - 167.1 
5-6 411.5 = 408.6 344.0 — 376,6 
Total 1060.5 - 880.6 698.5 - 639.8 
^Dates were June 12, July 29, and September 30 and values 
were calculated using the bulk densities in Table 2. 
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Table 10. (Continued) 
_ Nitrate content on indicated date, lb N/acre 
Depth, 
feet June July Sept June July Sept 
lOORR 190RR 
0-1 - - 24.8 44.5 24.2 
1-2 5.7 17.0 - 5' 0 
2-3 6,8 16.5 3.0 
3-4 - - 3.9 19.9 6.8 
4-5 - - 43.6 111.8 116.6 
5-6 - - 91.7 271.1 255.2 
Total 176.5 480.8 410.8 
nitrate for the 1-2' layer of the I50N plots (Figure 10) is 
probably due to movement of some of the N applied to the 
surface in the spring into this layer. The values for the 
4-6' layers of most treatments are quite consistent with time, 
even for the high levels of N where variability with time was 
noted in 1974. 
The analysis of variance for the nitrate content of the 
soil is given in Table 11. N level, depth, and date as well 
as the interactions significantly affected the nitrate con­
tent of the soil. The N level by date and the depth by date 
interactions were similar to those reported in 1974. The K 
level by depth interaction reflected an increase in nitrate 
at all depths as N level increased. This was very obvious for 
the fertilized and residual levels of the 100- and 150-lb 
N/acre long-term rates. Nitrate changes with depth differed 
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Figure 8. Nitrate content of the soil at different depths as 
measured in June and September for the NoN, 50N, and 
50R levels, 1975 
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Figure 9. Nitrate content of the soil at different depths as measured in June and  
September for the lOON, lOOR, and lOORR levels," 1975 
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Figure 10. Nitrate content of the soil at different depths as 
measured in June and September for the 15ON, 15or, 
and i50rr levels, 1975 
58 
Table 11. Analysis of variance for nitrate content of the 
soil, 1975* 
Source of variation 
Degrees of 
freedom 
Mean 
square 
Block 2 68579* 
N level 7 108430** 
Error (a) 14 10801 
Depth 5 139778** 
N level X depth 35 24932** 
Error (b) 80 5913 
Date 1 19917** 
Depth X date 5 4559** 
N level X date 7 946** 
N level X date x depth 35 740** 
Error (c) 96 161 
^Represents data for the eigit N levels sampled In June 
and September. 
**1?5 level of significance. 
level pf significance. 
very little for the treatments involving low levels of N 
(NoN, 50R, 50N). 
The analysis of variance by depth in Table 12 shows pat­
terns of variability similar to those observed in 1974. Nitro 
gen level significantly affected the nitrate content of the 
Table 12. Analysis of variance by depth for nitrate content of soil. 1975* 
Source of ^ 5f Mean squares by depth (feet? 
variation freedom o-l 1-2 2-3 3-4 4-5 5-6 
Block 2 215 332* 153 559 56917** 114988* 
N level 7 5419** .1126** 1571** 5105** 55066** 164804** 
Error (a) 14 126 72 97 536 9966 18850 
Date 1 35322** 847** 269i** 2514** 50 286 
N level X date 7 32^2** 103** 221** 328* 75 678 
Error (b) 16 i70 6 48 93 288 36i 
^Represents data for the eight N levels sampled in June and September. 
**15^ level of significance. 
*5/^ level of significance. 
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soil at all depths, and sampling time (date) had a significant 
effect to a depth of four feet. The character of the N level 
by date interaction varied with depth. The general trend was 
similar to that observed in 1974; a greater decrease in nitrate 
content with time as the N level increased. In the 1-2* layer, 
however, there was a smaller decrease with time for the lOON 
treatment than for other N levels and a small increase with 
time for the 15ON level. 
The total decrease or uptake of nitrate to a depth of 
four feet from June to September and the percentages of the 
total removed from each layer for the various N levels are 
given in Table 13* Nitrate removal ranged from 22.4 to 177*5 
lb N/aere and the amount removed was generally proportional to 
the N level. The large value observed for the 50N plot may be 
due, as previously discussed, to a seemingly high value for 
the 3-4* layer in June. Where N was applied (50N, lOON, and 
15on) or where residual nitrate was low (NoN and 50R)> about 
64 to 745S of the N was removed from the surface foot. Never­
theless, the 3-4' layer contributed 24j5., 205S, and 10^ of the 
nitrate for the 50N, lOON, and 15on plots, respectively. Where 
residual N had accumulated in large amounts (lOOH, 15oh, and 
150RR), only 22^ to 48^ of the nitrate was removed from the 
0-1* layer, 18^ to 22^ was removed from the 3-4* zone and 38?5 
to 53^ of the total was removed at depths below two feet. 
This is evidence that com is capable of obtaining considerable 
amounts of N from the 2-4* layers of the profile. 
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Table 13* The total removal of nitrate and the percentage 
of the total removed from different soil depths 
at various N levels, 1975 
Nitrate uptake from indicated depth (feet) 
0-1 1-2 2-3 3-4 Total ^ 
N level % of the total lb V/JT 
NoN 73 22 5 0 22.4* 
5ON 66 6 4 24 149.6® 
lOON 68 4 8 20 145.6 
I50N 74 -2 18 10 177.5 
5OR 64 16 24 -4 37.1 
lOOR 48 14 20 18 59.7 
I5OR 22 25 35 18 100.7 
I5ORR 34 20 23 22 58.9 
®Values represent the decreases in soil nitrate from 
-June to September, 
^Total excludes the 3-4' layer. 
The respective values excluding the seemingly high June 
data for the 3-4* layer are 8?#, 8^, 59^» and 05S of the total 
and 112.8 lb N/acre. 
The data from the five N levels sampled on all three dates 
were used to compare the decrease of soil nitrate from June to 
July with the total decrease from June to September in Table 
14. For most N levels, 8995 or more of the total nitrate re­
moved from the soil was removed by July 29, but for the lOOR 
treatment, where residual nitrate was great, the value was 
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Table 14. The decrease in soil nitrate from June to July as 
compared to the total decrease through September 
for various N levels, 1975 
N level^ 
Nitrate uptake through July to a 
depth of four feet 
lb N/A ^ of the total* 
NoN® 22.0 98 
50N*^ 135.5 90 
5OR 33.0 89 
lOON 129.5 89 
lOOR 45.4 76 
^Only five N levels were sampled in June, July, and 
September. 
^Based on the total uptake from June to September in 
Table 13. 
^Values for NoN are to a depth of three feet only. 
"Values for 50N, if the seemingly high value for the 5-^' 
layer in June were excluded, are 106.1 lb N/acre and 94^. 
76^ of the total. The corresponding values in 1974 were 87^ 
or more for most N levels and 80^ for the lOOR treatment. This 
provides strong evidence that about 90^ of the decrease in 
soil nitrate occurred by the silking stage, and that at least 
some of the residual N at deep depths was removed after that 
time* 
The decreases in soil nitrate from June to July occurred 
throughout the 0-4* zone (Table 10). There were no consistent 
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changes in the 0-2* zone of the profile from July to September 
and decreases of nitrate were largely limited to the 2-4' 
layers. These patterns of uptake were statistically signifi­
cant (155 level). Rainfall (Table Al) probably stimulated 
mineralization and maintained the nitrate content of the sur­
face layers as observed in both 1974 and 1975* The relatively 
low nitrate contents of the surface layers for the various N 
levels after July in both years suggest that the crop may 
depend largely on mineralization for a supply of nitrate after 
silking, unless residual nitrate deeper in the profile is 
available for uptake. 
The unreplicated moisture data obtained on the three soil 
sampling dates are given in Table a3. The data for the NoN 
and 15ON levels are presented graphically in Figure 11. As in 
1974, available moisture was sharply reduced to a depth of 
four to five feet by July and the surface three feet were very 
dry. August and September precipitation increased soil mois­
ture in the surface two feet of the 15ON plots and penetrated 
deeper on the NoN plots into the 2-3* layer. There was no 
decrease in moisture below three feet after July for the NoN 
Soil. The dry layer from 2-4 feet for the I50N rate.suggests 
that moisture had not penetrated these depths to cause ar^ 
movement of nitrate out of the zone of measurement. 
The trends observed in 1974 for greater and deeper mois­
ture utilization on the fertilized than on the unfertilized 
plots were substantiated in 1975» The total inches of water 
64 
AVAILABLE MOISTURE, INCHES 
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Figure 11, Inches of available moisture at different depths 
in the soil for three dates for the NoN and 150N 
plots, 1975 
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used by the crop in 1975 and the changes in available moisture 
with time at different levels of N are given in Table 15» On 
the average, crops on the N-fertilized plots used 2.04 inches 
more moisture than those on the NoN plots. This greater 
utilization of moisture from fertilized plots could be ex­
plained by greater crop growth and root exploitation. This 
tendency over a number of years would lead to the moisture 
distribution pattern observed in Figures 7 and 11. Such a 
pattern would be expected in low-rainfall areas where the 
lower depths of the profile are not consistently replenished, 
as is the case at the Moody E]q)erimental Farm. 
Summary 
The objective of this part of the experiment was to de­
termine the depth of nitrate uptake by com as influenced by 
applied and residual nitrogen. The uptake or removal of soil 
nitrate by com was estimated at the Moody Experimental Farm by 
measuring the decreases in soil nitrate to a depth of six feet 
during the growing season. Composite samples for each plot 
were obtained in one-foot increments in June, July, and 
September from the NoR, 50R, lOOR, and 50N plots in 1974 and 
from the NoN, 50N, 50R, lOON, and lOOR plots in 1975« Addi­
tional samples were taken in June and September, 1975» from 
the I50N, 15or, and 15orr plots. Decreases in nitrate with 
time were considered to be removed or taken up by the com crop 
although some of the decreases may have resulted from other 
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Table 15* Changes in available soil moisture with time and 
the total moisture used by the crop during the 
season at various N levels, 1975 
N level 
Change in available moisture*, 
inches 
June to July June to Sept 
Total inches^ 
used by crop 
NoN 4.87 1.70 14.90 
50N 6.04 3.50 16.70 
lOON 4.74 4.44 17,67 
I50N 5.71 4.22 17.42 
5OR 4.85 3.15 16.35 
lOOR 5.04 3.37 16.57 
^Changes are to a depth of six feet. 
^Total precipitation from June 12 to September 30 was 
13.20 inches. 
processes, such as denitrification or immobilization. 
Soil nitrate levels significantly decreased with time to 
a depth of four feet in both years. There was also a trend 
for nitrate to decrease in the 4-5' and 5-6* layers when the 
amounts surface-applied or accumulated in the profile were low. 
These trends in the 4-6' depths were not, however, statistical­
ly significant. The total amounts of nitrate removed from the 
soil to a depth of four feet ranged from 31 to 71 lb N/acre in 
1974 and from 22 to i78 lb N/acre in 1975. 
Prom 52?5 to 74^ of the total nitrate uptake in i974 was 
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from thé 0-1' layer, but 10% to 279^ was also removed below a 
depth of two feet. Corresponding values in 1975 were 2295 to 
74^ from the surface and Oj5 to 53% of the total from below two 
feet. It was found in the two years that more than 60% of 
the total nitrate was removed from the surface layer if N was 
applied or if residual nitrate levels were low. However, only 
22^ to 5^% of the nitrate was absorbed from the 0-1* layer 
where residual nitrate had accumulated in the soil profile and 
current applications were not made. 
When the plants were dependent entirely on accumulated 
nitrate (lOOR, I50R, 15orr), 12% to 22% of the N was removed 
from the 3-4' layer and 27^ to 53% was from the 2-4' zones. 
In some instances in 1975 (50N, lOON, and I50N levels), re­
sidual nitrate in the 3-4' layer contributed 10^ to 24^ of the 
N, although more than 60^ was removed from the surface. Thus, 
evidence was obtained which indicated that com is capable of 
utilizing considerable amounts of residual nitrate from the 
2-4' soil layers. After two crops without fertilizer, 135 and 
372 lb N/acre were measured in the 4-6' layers of the lOORR 
and 15orr plots. Further study is required to determine if 
this nitzste will be utilized by com or lost to leaching* 
In both years, more than 8?% of the decreases in soil 
nitrate (uptake) occurred by late July for most of the N levels 
studied (NoN, 50N, 50r, and lOON). However, lower percentages 
of 76^ and 80% of the total for the two years were removed by 
late July for the lOOR treatment. The decreases in soil 
68 
nitrate from June to July occurred throughout the 0-4' zone 
in both 1974 and 1975» but the decreases from July to September 
were largely limited to the 1-4* and 2-4' layers for the re­
spective years. There were no significant changes in soil 
nitrate for the 0-1' layer in 1974 or the 0-2' zone in 1975 
after July. Thus, if residual nitrate was unavailable and N 
rates were deficient, it appears that about 90^ of the nitrate 
available in the spring would be removed by the silking stage 
and that the plants would be dependent largely on soil min­
eralization for additional nitrate during August and September. 
Soil moisture data for the three sampling dates suggest 
that rainfall during the season was retained in the surface 
layers of the soil in both years and that nitrate movement out 
of the zone of measurement was generally not a problem. 
Moisture utilization by com plants tended to be greater and 
deeper on N-fertilized than on unfertilized soils. These 
trends could be explained by greater crop growth on fertilized 
soils over time* 
Response of Corn to Residual and Applied N 
Moody experiment - 1974 
General The levels of residual and applied N estab­
lished after 18 years of annual fertilization was discussed 
in detail in the Plans and Procedures. In general, two series 
of current N levels were available for study in 1974. One 
involved continuation of the long-term N applications, referred 
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to as fertilized level (NoN, 50N, lOON, and 15on). The second 
included withholding the long-term N treatments to provide 
plots for study of one-year residual effects, referred to as 
residual level (NoR, 50R> lOOR, and i50r). The yield and N 
content of grain from an early and adapted variety of com 
grown on plots receiving the above treatments are reported 
in this section. Total dry matter yield and N content of whole 
com plants sampled at maturity and leaf N concentrations are 
also reported for the adapted variety. Detailed individual 
plot data obtained in this part of the investigation are given 
in Tables A8 and A9 in the Appendix. 
Yield and N content of com The average yields of com 
grain for the two varieties at the various levels of N are 
given in Table 16. The generally low yields were largely due 
to a hi^ percentage of barrenness caused by the moisture 
stress at the critical silking stage (fable A8). The analysis 
of variance in Table I7 shows that yields were significantly 
affected by N rate and by the current level (fertilized or 
one-year residual) of N and that a significant rate by 
current level interaction was observed. The latter was re­
lated to the small response to residual N and large response 
to applied N at low N rates, but a similar response for the 
two current levels at the highest N rate. Least significant 
differences (LSD^q^) at the % level of probability are given 
in Table 16 for the comparison of the different treatments. 
Grain yields for the two varieties are shown graphically 
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Table 16, Grain yield of two com varieties grown at various 
levels of applied and residual N, 1974 
Yield, bu/acre. 15. 
N Early Adapted 
level variety variety Avg 
NoN 39.0 17.5 28.2 
50N 68.1 72.6 70.4 
lOON 58.6 58.6 58.6 
150N 57.2 61.0 59.1 
NoR 37.2 17.5 27.4 
50R 38.9 25.8 32.4 
lOOR 52.3 36.7 44.5 
150R 65.3 60.9 63.1 
tsd.05 17.8 20.9 19.4 
in Figure 12. The early variety appeared to outyield the 
adapted one at the lower N rates, but the two differed little 
at the higher rates. This trend may have been related to 
temperature and weather conditions at the time of silking. 
The top yield of both varieties, approximately 70 bi^acre, 
was attained with the 50N treatment. Higher rates of applied 
N appeared to reduce yields about 10 bu/acre under the pre­
vailing weather conditions. These reductions were within the 
error of experimentation, but similar reductions have been ob­
served previously in dry seasons during the term of the long-
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Table 17. Analysis of variance for the yield of com grain 
and stover, 197^ 
Degrees 
Source of of 
variation freedom 
Block 2 
Rate 3 
Error (a) 6 
Current level^ 1 
Rate X current level 3 
Error (b) 8 
Mean squares for yield 
Com grain 
Early Adapted Stover 
107 353++ 227432 
586* 2062** 3622879* 
91 97 400187 
320++ 1777** 1670065** 
372* 744* 195800* 
76 139 32589 
^Refers to the fertilized and one-year residual levels 
of N. 
**Vfo level of significance. 
*595 level of significance. 
++10# level of significance. 
time experiment. 
Response to residual N increased with increasing rates of 
N to maximum yields of between 61 and 65 bu/acre at the I50R 
level. The yield increases from the intermediate residual 
rates were fairly consistent but were not statistically sig­
nificant. However, the increase observed for the lOOR treat­
ment is probably of biological significance. 
Oven-dry yields of grain, stover, and whole plant (grain 
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plus stover) fdr the adapted variety were measured to estimate 
the whole plant removal of N during the growing season and 
are given in Table 18, As with the grain, there was a sig­
nificant influence of rate and current level of N on the yield 
of stover (Table 17), and a significant rate by current level 
interaction was found. Yield responses were lower at a given 
N rate for residual than for fertilized levels at all N 
rates. The yield increase for the 50R level was the only rate 
that was not significantly above that of the control. Yield of 
stover did not tend to be reduced by the higher rates of ap­
plied N as was the grain yield. This was probably because the 
vegetative portion of the plants developed before soil mois­
ture supply became limiting. 
The influence of the different rates of applied and re­
sidual N on the N content of various plant parts are given in 
Table 19 and the corresponding analyses of variance are found 
in Table 20. As might be expected, both forms of N increased 
the N concentration in all of the plant parts studied. The 
increases were significant for all measurements except for 
the grain of the early variety. In general, higher levels of 
residual N than applied N were required to give equivalent 
increase in N concentration. The data for stover were not 
analyzed because the values reported were calculated as de­
scribed in Table A9. The N concentrations in the grain and 
stover from thé various N treatments were used to calculate 
the total removal of N during the growing season. 
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Table 18. Yields of grain, stover, and whole plant at 
maturity for various levels of applied and residual 
N, 1974 
Yield, lb/acre, oven-dry 
N 
level Grain Stover 
Whole-
plant 
NoN 
5ON 
lOON 
I50N 
826 
3437 
2771 
2887 
3733 
4739 
5576 
5689 
s 
SI 
NoR 
50R 
lOOR 
I5OR 
826 
1219 
1738 
2880 
3733 
3939 
4870 
5088 
4559 
5158 
6608 
7968 
989 926 1915 
^Stover plus grain. 
Table 19* N content in grain, stover, and leaf samples of com 
at various levels of applied and residual N, 1974 
N content. # 
Early Adapted 
N Whole 
level Grain Grain Stover plant Leaf 
NoN 1.48 1.57 0.66 0.90 1.35 
5ON 1.80 1.64 0.72 1.12 2.11 
lOON 2.07 1.93 1.18 1.44 2.41 
I5ON 2,04 1.98 1.37 1.59 2.65 
NoR 1.52 1.52 0.66 0.90 1.35 
5OR 1.64 1.59 0.75 0.91 1.46 
lOOR 1.97 1.81 1.12 1.26 2.02 
I5OR 2.07 1.85 1.18 1.44 2,42 
130.05 0.24 0.20 - 0.25 0.17 
^Values for stover were calculated as in Table A9. 
Table 20, Analysis of variance for percentage nitrogen content of grain, leaf, 
and whole plant samples of the two com varieties, 1974 
Mean squares for percentage nitrogen 
Source of 
variation 
Degrees 
of 
freedom 
Early 
Grain 
Adapted 
Grain Leaf 
Whole 
plant 
Block 
Rate 
Error (a) 
Current level 
Rate X current level 
Error (b) 
2 
3 
6 
1 
3 
8 
0.0270 
0.4161** 
0.0257 
0.0150 
0.0139 
0.0049 
0.0947* 
0.1990** 
0.0117 
0.0468* 
0.0030 
0.0086 
0.0298++ 
1.5945** 
0.0075 
0.6017** 
0.1110** 
0.0078 
0.0742 
0.4873** 
0.0316 
0.1067** 
0.0127** 
0.0006 
**19S level of significance. 
*5% level of significance. 
++10J5 level of significance. 
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Leaf and grain N content as measures of N sufficiency 
The graphical representation of the influence of the various 
rates of applied and residual N on the N content of the leaves 
and grain are shown in Figure 13. The influence of both rate 
and level of N was evident at the silking stage of plant de­
velopment as indicated by the N content of leaves. Except 
for the value for the I50N rate, the N contents of the leaves 
were somewhat low compared with the 2.60jS to 3.10# range that 
has been suggested as the critical level (Tyner and Webb, 
1946; Bennett, Stanford, and Dumenil, 1953; Viets, Nelson, 
and Crawford, 195^ ; Fulton and Findlay, 1960; Dumenil, I96I; 
Voss, Hanway, and Dumenil, 1970). The low values may be due, 
in part, to the influence of the extreme moisture-stress con­
ditions on N mineralization and uptake. Voss et al. (1970) 
found that environmental factors as well as soil and manage­
ment factors must be considered in the interpretation of leaf 
analyses. 
Unlike the leaves which were lower in N content than the 
suggested critical percentage, the N percentages of the grain 
are higher than the proposed critical percentage of 1.52^ to 
1.55# (Early and DeTurk, 1948; and W. H. Pierre, Dept. of 
Agronomy, I.S.U., unpublished data). These high levels were 
probably associated with the low yield response obtained under 
the weather conditions and to a high level of barren stalks 
(Table A8). 
The N content of com is affected not only by the supply 
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Figure 13. Effect of different levels of applied and residual 
N on the N content of com leaf and grain, 1974 
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of N, but also by the supplies of other elements, environmental 
conditions, plant density, genetic type, and various other 
factors. These factors also influence yields which, in turn, 
affect the N content of the com. The varied effects and in­
teractions of these factors have limited the use of plant 
analysis for estimating N sufficiency. Unpublished data of 
Pierre (W. H. Pierre, Dept. of Agronomy, I.S.U., unpublished 
data), however, show that the N percentage of the plant (com 
grain, specifically) can be used as a measure of N sufficiency, 
if the percentage is related to the yield, expressed as a per­
centage of the maximum, rather than to the absolute yield. 
This relationship, referred to as the relative yield-# N 
relationship, evidently applies over a wide range of condi­
tions, including variations in climate, fertility, plant 
variety, and population. 
The relative yield-#. N relationships of the 197^ grain and 
leaf data are given in Table 21 and are shown graphically in 
Figure 14. The critical N percentage for grain, or the per­
centage N at maximum yield, was 1.64# and 1*80# for the adapted 
and early varieties, respectively, which are above the 1.52# 
to 1.55# values suggested. Likewise, the N percentage at a 
given percent of maximum yield is greater than previously ob­
served (W, H. Pierre, unpublished data). As shown in Figure 
14, there is a large scatter of points at different percentages 
of the maximum and no close relationship was found between 
relative yield and N percentage. 
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Table 21. The relative yield-# N relationship of com grain 
and leaf, 1974 
N 
level 
Yield 
BU/A % of max 
N content. 
Grain Leaf 
NoN 
50N 
lOON 
150N 
NoR 
50R 
lOOR 
150R 
Adapted variety 
17.5 24.1 1.57 
72.6 100.0 1.64 
58.6 80.7 1.93 
61.0 84.0 1.98 
17.5 
25.8 
36.7 
60.9 
24.1 
35.5 
50.6 
83.9 
1.52 
Ï-1 
1.85 
1.35 
2.11 
2.41 
2.65 
iM 
2.02 
2.42 
NoN 
5on 
lOON 
i5on 
NoR 
5or 
lOOR 
i5or 
Early variety 
39.0 57.3 
68.1 100.0 
58.6 86.0 
57.2 84.0 
37.2 54.6 
38.9 57.1 
52.3 79.8 
65.3 95.9 
1.48 
1.80 
2.07 
2.04 
1.52 
1.64 
1.97 
2.07 
A low critical percentage of 2.11# was observed for N 
in the leaves and no clear relationship existed between rela­
tive yield and N percentage. Leaf data were limited to the 
adapted variety. 
These data point out that extreme stress, such as the 
moisture stress observed in 1974, which caused a large number 
of barren stalks (Table A8) and consequent reductions in 
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yields, had an effect on the relative yield-#! N relationship. 
The effect was apparent for both the grain and the leaf. It 
is likely that other extreme conditions, such as early freezes, 
severe plant infestation, or severe lodging, may affect the 
relationship as they influence the relative amounts of pro­
tein and carbohydrates in the grain. 
Estimated N removal Nitrogen removal in the entire 
crop at maturity was estimated from the oven-dry yields and 
the N percentages of the grain and stover. As previously 
indicated, stover N content was calculated and not actually 
measured (Table A9), but the values obtained are considered 
to be better estimates than the alternative of using the total 
yield and N content from the harvest of only 10 plants. The 
estimated removals of N in the grain, stover, and the whole 
plant for each N level are given in Table 22. 
The total amounts of N removed in the grain and the stover 
increased with N rate from 37.6 to 135»1 lb N/acre for the 
fertilized treatments and from 37«2 to 113.3 lb N/acre with 
the one-year residual treatments. The differences in removal 
between fertilized and one-year residual plots at the corre­
sponding long-term N rates were 0.2, 41.6, 33.4 and 21.8 lb 
N/acre for the 0-, $0-, 100-, and 150-lb N/acre rates, respec­
tively. Similar amounts of N were removed with the two con­
trol treatments (37.6 and 37.2 lb N/acre), the 50n and the 
lOOR rates (90.5 and 85.9 lb N/acre), and the lOON and the 
I50R plots (119.3 and II3.3 lb N/acre). 
% 
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Table 22. Estimated N removal in the com plant at various 
levels of applied and residual N in September, 1974 
Long- Estimated N removal at N level, lb N/acre^ 
term 
N rate, 
lb N/A 
Fertilized One-vear residual 
Grain Stover Total Grain Stover Total 
0 13.0 24.6 37.6 12.6 24.6 37.2 
50 56.4 34.1 90.5 19.4 29.5 48.9 
100 53.5 65.8 119.3 31.4 54.5 85.9 
150 57.2 77.9 135.1 53.3 60.0 113.3 
^Based on the oven-dry yield and N content of grain and 
stover from Tables 18 and 19. 
The results in Table 22 indicate that stover contained 
more N at maturity than did the grain for most N treatments. 
Between 53^ and 66fo of the total amount was removed in the 
stover. Only the 50N rate, where of the N was in the 
stover, had greater amounts removed in the grain than the 
stover. The unusual distribution of N between the grain and 
the stover for most N levels was probably a result of insuffi­
cient yield response. 
In Table 23 the calculated removals in the com plant are 
compared with the change in soil nitrate as measured for the 
NoN, 50R» lOOR, and ^ON rates. Nitrogen removed from the soil 
was less than that estimated in the plant for all the N rates 
studied and the difference was greatest for the two high N 
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Table 23. Calculated N removal in the com plant compared 
with that removed from the soil as nitrate, 1974 
Estimated total removal of N 
Corrected 
for 
In the Prom the mineral-
N plant soil Difference^ ization 
level lb N/acre — 
NoR 37.2 31.2 - 6.0 0 
50R 48.9 46.5 — 2.4 3.6 
lOOR 65.9 63.9 -22.0 —16.0 
5ON 90.5 71.2 -19.3 -13.3 
^Data are from Tables 7 and 22. 
^Soil measurement minus plant estimate. 
levels. Assuming that the difference between the N removal 
in the soil and the plant at the NoR rate represents mineral­
ization, a correction of 6.0 lb N/acre was added to the values 
in column 4. After correction (column 5)» there was relatively 
close agreement between the soil and the plant estimates for 
all the N levels. The differences of -16.0 and -i3.3 lb N/ 
acre for the lOOR and 50N levels are probably within the ex­
perimental error. 
The N-use efficiencies, or the bushels of grain per pound 
of N removed, are given for the various N levels in Table 24. 
The values given are based on the estimated N removal in the 
plant because the data are complete and are considered the 
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Table 24, The N-use efficiency as measured by the yield of 
grain per lb of N removed, 1974 
N 
N efficiency, 
N Yield, removal, bu grain/ 
level bu/A lb N/A lb N 
NoN 17.5 37.6 0.46 
50N 72.6 90.5 0.80 
lOON 58.6 119.3 0.49 
I5ON 61.0 135.1 0.45 
Avg^ - - 0.58 
NoR 17.5 37.2 0.47 
5OR 25.8 48.9 0.53 
lOOR 36.7 85.9 0.43 
I5OR 60.9 113.3 0.54 
Avg 
" 
0.50 
^Values are the estimated removal in the plant. 
^Average values exclude the respective control plots. 
best estimate of removal under the conditions in 1974. No 
consistent differences in efficiency were found between dif­
ferent N levels or between fertilized or residual treatments, 
except for the SON rate. The latter is much higher compared 
with the lOOR treatment from which a similar amount of N was 
removed. Conversely, the 150R and lOON rates had similar 
removals of N and N-use efficiencies. 
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Moody experiment - 1975 
General The establishment of different levels of 
applied and residual N after 18 to 19 years of annual N fer­
tilization was discussed in the Plans and Procedures. Three 
current N levels at each of four N rates were available for 
study in 1975* One involved continuation of the long-term N 
applications, referred to as fertilized level (NoN, 50N, 
lOON, and 15on). The other two included withholding the long-
term N treatments for one and two years for the study of one-
year residual effects (NoR, 50R, lOOR, and 15or) and two-year 
residual effects (NoRR, 50RR, lOORR, and 15orr), respectively. 
These are referred to as one- and two-year residual levels. 
This section deals with the plant yield, N content, and N 
removal of plants in July and September and relates these 
plant measurements to decreases in nitrate content of the soil. 
Only the adapted variety was studied in 1975. The detailed 
data for 1975 are given in Tables AID and All. Moisture con­
ditions were more favorable at this site in 1975 than in 1974, 
but a storm on July 23 caused severe plant lodging which 
probably reduced yields. 
Yield and N content of com The yield and N content 
of com grain at the various levels of applied and residual N 
are given in Table 25.and the analysis of variance in Table 26. 
The N rate and the current level of N had significant effects 
on both yield and N content of the grain. There was also a 
significant rate by current level interaction for N content. 
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Table 25. Yield and N content of com grain at various levels 
of applied and residual N, 1975 
N level 
Yield, 
bu/A 
15.5#M 
N content 
I0 
NoN 35.2 1.57 
5ON 76.2 1.52 
lOON 89.4 1.78 
I5ON 103.7 1.79 
•NoR 31.7 1.60 
5OR 58.5 1.54 
lOOR 73.0 1.65 
I5OR 99.0 1.69 
NoRR 38.2 1.53 
5ORR 53.1 1.50 
lOORR 61.3 1.59 
I5ORR 76.7 1.65 
tsd.os 23.7 0.12 
The interaction can be interpreted from Figure 15* 
Yields of com grain for the various N treatments are 
shown graphically in Figure 16. Yields increased as N rate 
increased in all three series of N treatments, but the slope 
of the increase was greatest for the fertilized level and 
lowest for the two-year residual treatment. ISD values 
were calculated for the comparison of treatments and are given 
in Table 25. Significant yield increases above the control 
treatments (NoN, NoR, and NoRR) were obtained for all except 
the 50RR (two-year residual) level of N. The maximum grain 
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Table 26. Analysis of variance for yield and N content of the 
com grain, i975 
Source of 
variation 
Degrees 
of 
freedom 
Mean 
Yield 
souares 
N content 
Block 2 166 0.0324++ 
Rate 3 5338** 0.0706** 
Error (a) 6 218 0.0069 
Current level* 2 1069** 0.0281** 
Rate X current level 6 209 O.oo63++ 
Error (b) 16 138 0.0024 
^Refers to the fertilized, one-, and two-year residual 
levels of N. 
**1# level of significance. 
++10# level of significance. 
yield of about 104 bi/acre was obtained for the 15on (fer­
tilized) rate, but the yields of 99 and 89 bu/acre for the 15OR 
(one-year residual) and the lOON (fertilized) treatments, re­
spectively, were not significantly lower. In general, yields 
were highest from the current application, intermediate for 
the first-year residual, and lowest for the second-year 
residual treatment. For example, equivalent yields were ob­
tained for the 50N (fertilized), lOOR (one-year residual), and 
I50RR (two-year residual) treatments. Sizeable yield responses 
were obtained for the second-year residual rates even after 
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two years without fertilizer. 
The oven-dry yields of the grain, of the stover in July 
and September, and of the whole plants in September (stover 
plus grain) are given in Table 2?. The analysis of variance 
for stover yield on the two dates was calculated to determine 
overall treatment effects in Table 28, and the LSD values 
for comparison of treatments are given in Table 2?. 
Nitrogen rate and current level of N did not significantly 
affect stover yields at the early sampling in July. Nitrogen 
appeared to increase yields in the fertilized and one-year 
residual series, but had little effect on the two-year residual 
yields. The relatively high value for the NoRR (two-year 
residual) treatment may have prevented measurement of any re­
sponse in this series and may be a reflection of the error 
associated with estimating yields from the small sample of 10 
plants. 
Yields of stover, grain, and whole plant were significant­
ly increased by N rate in the September sampling. Yields and 
responses were generally in descending order for the fer­
tilized, one- and two-year residual treatments. In most cases, 
the residual rates only produced significant responses at the 
100- and 150-lb N/acre rates. 
The N contents of stover and leaf samples, as well as the 
LSD for the comparison of treatments, are given in Table 29. 
Corresponding analyses of variance for the N contents of the 
various plant materials are given in Table 30. Nitrogen rate 
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Table 27. Yields of com stover (two dates), grain, and 
whole plant at various levels of applied and re 
sidual N, i975 
Yield at N level 
Plant 
part 
long-
term 
N rate 
lb N/a 
Residual 
one- Two-
Fertilized year year 
-—-"--lb/A, oven dry---*--— lsd^05 
Stover, 
July®' 
0 
50 
100 
150 
3637 
4334 
4789 
4891 
iH'o 
4449 
4140 
4443 
4519 
1401 
Stover, 
Sept* 
0 
50 
100 
150 
4284 
4815 
5500 
5678 
3815 
4188 
5542 
5122 
3918 
3921 
4895 
4914 
776 
Grain 0 
50 
100 
150 
1667 
3604 
4230 
49 08 
1498 
g 
4685 
1809 
2511 
2899 
3628 
1121 
Whole, 
plant" 
0 
50 
100 
150 
5951 
8419 
9730 
10586 
§55 
8008 
9807 
5727 
6432 
7794 
8542 
1897 
^Values are from a harvest of 10 plants per plot. 
^The sum of September stover and grain. 
and current level of N had significant effects on the N con­
tent of all three plant measurements, and there was a signifi­
cant rate by current level interaction with the leaf and the 
July stover. The interactions can be interpreted from Figures 
17 and 18. Nitrogen seemed to have a greater effect on N 
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Table 28. Analysis of variance for yield of stover at two 
dates, 1975 
Source of Degrees of Mean squ^s for yield 
variation freedom July Sept 
Block 2 346006 18224 
Rate 3 2172069 3494767** 
Error (a) 6 1098663 156596 
Current level 2 65148 858008* 
Rate X current level 6 720722* 161069 
Error (b) 16 256745 198730 
**1^ level of significance. 
level of significance. 
content than on yield of stover in the July samples, but 
about equal effect on the two characteristics in the September 
samples. As would be expected, the N content from July to 
September decreased considerably for all N rates. None of the 
50-lb I^acre treatments influenced the N content of stover in 
September, but significant increases occurred at rates above 
the 50-lb N/acre treatments of all three series of current N 
levels. The reported values (Table 29) were utilized in the 
estimation of N removal in the stover for the two dates. 
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Table 29. N content of com stover (two dates) and leaf at 
various levels of applied and residual N, 1975 
N content at level 0 f N. # 
Long- Residual 
Plant term One- Two-
part N rate Fertilized year year l8d.05 
Leaf 0 1.40 1.26 1.32 0.23 
50 2.26 1.62 1.46 
100 2.70 2.02 1.72 
150 2.89 2.56 1.98 
Stover, 0 0.80 0.81 0.77 0.18 
July 50 1.31 1.05 1.00 
100 1.54 1.25 1.16 
150 1.73 1.26 1.01 
Stover, 0 0.59 0.61 0.49 0.13 
Sept 50 0.56 0.56 0.57 
100 0.83 0.75 0.62 
150 0.85 0.80 0.75 
Leaf and grain N content as measures of N sufficiency 
The effect of the various N treatments on the N content of 
the leaves at silking is shown graphically in Figure 18. The 
values generally follow the expected trend and are, for the 
most part, higher than those reported in 1974 (Table 19). 
However, the respective values of 2.70# and 2.89# for the lOON 
and I50N rates are the only ones within the range that has 
been suggested as adequate (Tyner and Webb, 1946; Bennett 
et al., 1953; Viets et al., 1954; Pulton and Pindlay, 1960? 
Dumenil, I96I; Voss et al., I97O). 
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Table 30. Analysis of variance for percentage nitrogen 
content of com leaf and stover (two dates, 1975) 
Mean squares for io nitrogen 
Source of 
variation 
Degrees 
of 
freedom 
Com 
leaf 
Stover 
July Sept 
Block 2 0.1303* 0.0057 0.0041 
Rate 3 2.1958** 0.5662** 0.1312** 
Error (a) 6 0.0200 0.0094 0.0023 
Current level 2 1.4904** 0.4156** 0.0319* 
Nitrogen x current level 6 0.1548** 0.0657** 0.0068 
Error (b) 16 0.0124 0.0103 0.0072 
**Vfo level of significance, 
level of significance. 
The relative yield-# N relationship, which was previously 
described in the discussion of the 1974 data, is given for the 
grain and the leaf N in Table 31 and in Figure 19. The maxi­
mum yield and the critical percentage values are the average of 
the lOON, I50N, and 15OR treatments. This is in accordance 
with the method employed when no significant yield increases 
are obtained at high rates of N (W. H. Pierre, Dept. of 
Agronomy, I.S.U., unpublished data). Unlike 1974, there was a 
close relationship between relative yield and N percentage for 
both grain and leaf N. There is, however, somewhat more 
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Table 31, The relative yield-# N relationship of com grain 
and leaf, 1975 
N 
level 
Yield N content. 
Bu/acre fe of max^ Grain Leaf 
NoN 35.2 36.1 1.57 1.40 
5ON 76.2 78.2 1.52 2.26 
lOON 89.4 100.0 1.78 2.70 
I5ON 103.7 100.0 1.79 2.89 
NoR 31.7 32.5 1.60 1.26 
50R 58.5 60.0 1.54 1.62 
lOOR 73.0 74.9 1.65 2.02 
I5OR 99.0 100.0 1.69 2.56 
NoRR 38.2 39.2 1.53 1.32 
50RR 53.1 54.5 1.50 1.46 
lOORR 61.3 62.9 1.59 1.72 
I5ORR 76.7 78.7 1.65 1.98 
Maximum yield is 97.4, and critical N percentages are 
1.75# and 2.72^ for grain and leaf, respectively. Maximum 
values are the averages of the lOON, 15ON, and 15or treatments. 
variability in the data for the grain than for the leaf. Part 
of the seemingly closer relationship with leaf than grain N 
content is the smaller scale used in plotting the data. Never­
theless, the high value for grain at the 50N level and the 
high N content for the control plots (as a result of abnormally 
low yields) would make yield prediction less reliable with the 
grain data. Whether N was available from fertilized, one-year, 
or two-year residual plots was not important since the plotted 
values fit into the predicted sequence. This is especially 
true with leaf N. 
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Although the plot of relative yield versus N percentage 
for the various N levels shows a relatively good relationship, 
the critical percentage of 1.75^ is greater than either the 
1,64^ found in 197^ or the 1.5255 to 1.55^ suggested in the 
original description of the method. The N percentage at a 
given percentage of maximum yield is also higher than the 
unpublished report (W. H. Pierre, Dept. of Agronomy, I.8.U., 
unpublished data). The reason for this is not entirely clear. 
It me^ be related, however, to severe lodging resulting from 
a windstorm on July 23, The lodging was directly down the 
row and resulted in considerable shading. This would 
naturally reduce photosynthesis and starch formation. However, 
the N had largely been taken up by the time lodging occurred. 
Thus, the normal protein/yield ratios in the grain would 
likely have been increased. The effect of the lodging would 
not have been evident at the time of leaf sampling, since 
the lodging occurred only a few days before the leaves were 
sampled for analysis. 
Estimated N removal The amount of N in the com plant 
at the various rates of applied and residual N as estimated by 
July and September samplings are given in Table 32. These 
values were calculated from the oven-dry yields and the N 
percentages, as previously discussed. Estimated removal is 
expressed both as lb N/acre and as a percentage of the total 
removal through September. 
Removal for the July sampling date ranged from 26.4 to 
100 
Tablé 32. Estimated N removal in com at various levels of 
applied and residual N in July and September, 1975 
Estimated N removal^ 
July September 
Stover Grain Stover Total^ 
N lb N/ ^ of lb N/ <fo of lb N/ of lb N/ 
level acre total acre total acre total acre 
NoN 29.1 57 26.2 51 25.3 49 51.5 
5ON 56.8 69 54.8 67 27.0 33 81.8 
lOON 73.8 61 75.3 62 45.6 38 120.9 
I5ON 84.6 62 87.8 65 48.3 35 136.1 
NoR 26.4 56 24.0 51 23.3 49 47.3 
5OR 50.6 77 42.6 65 23.4 35 66.0 
lOOR 57.2 58 57.0 58 41.6 42 98.6 
I5OR 68.6 57 79.2 66 41.0 34 120.2 
NoRR 34.2 73 27.7 59 19.2 41 46.9 
5ORR 41.4 69 37.7 63 22.3 37 60,0 
lOORR 51.5 67 46.1 60 30.3 ^ 40 76.4 
I5ORR 45.6 47 59.9 62 36.8 38 96.7 
^Based on the oven-dry yield and N content of grain and 
stover in Tables 25, 27, and 29. 
^Total represents the whole plant removal at maturity. 
84.6 lb N/acre, and the intermediate values for the various N 
levels are generally in the expected range. The low value for 
the 150RR level may be due to some inconsistent yield and per­
centage N data for the treatment (Tables AlO and All). The 
percentage of the total N removal in July did not appear to be 
consistently related with different N levels, although all 
three supplemental levels of the 50-lb N/acre rate are con­
sistently high. Where only residual nitrate was involved 
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(IGOR, lOORR, 150Rf and i50rr), the average percentage removed 
in July was 57^ of the total and the corresponding fertilized 
treatments (lOON and I50N) averaged 62^ of the total. The 
data for lOORR and i50rr treatments, however, were quite 
variable. The overall average, excluding the aberrant 15orr 
value, was a value quite similar to the 65^ of the total 
at 75^ silking reported by Hanway (1962b, 1963). 
The total amounts of N removed in September represent 
the sum of the removal in the grain and the stover. These were 
calculated on the basis of the oven-dry yield and N content of 
each plant part. The total amounts removed ranged from 46.9 
to 136.1 lb N/acre. Nitrogen in the stover ranged from 19.2 
to 48.3 lb N/acre and, unlike 1974 when stover contained a 
large proportion of the total, less than ^ 0^ of the total was 
in the stover with all N levels. On the other hand, N in the 
grain ranged from 24.0 to 87.8 lb N/acre, or as much as 66^ of 
the total. The average percentage removed in the grain was 
61^ of the total. Hanway (1962b) reported a similar value of 
66# of the N at maturity in the grain and a range of 629$ to 
70^ for different samplings. 
The calculated removal of N in the plant and the measured 
uptake from the soil in July for five treatments are compared 
in Table 33« The data are expressed both as the lb N/acre 
and as a percentage of the total amounts estimated to have 
been removed in the plant or from the soil through September. 
The amounts estimated by the two methods were relatively 
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Table 33* Calculated N removal in the com plant compared to 
that removed from the soil as nitrate in July, 
1975^ 
Estimated total removal in July 
In the Dlant Prom the soil Difference^ 
lb N/ 
acre 
N 
level 
lb N/ 
acre 
. % of 
total 
lb N/ 
acre 
% of 
total 
NoN 29.1 56 22.0 98 - 7.1 
50N 56.8 69 135.5° 90® 78.4® 
50R 50.6 77 33.0 89 -17.6 
lOON 73.8 61 129.5 89 55.7 
lOOR 57.2 58 45.4 76 -11.8 
^Data from Tables 14 and 32. 
^Soil measurement minus plant estimate. 
^Values excluding the seemingly high June data for the 
3-4* layer are, respectively, 106.1 lb N/acre, and 49*3 
lb N/acre. 
similar for the NoN, 50R, and lOOR levels of N, although the 
plant estimates are slightly greater than the soil measurements 
for the two residual treatments (50R and lOOR). Estimated 
removal in the plants was much lower than that measured in the 
soil for the 50N and lOON levels. Part of the difference for 
the 50N rate may be due to a seemingly high nitrate content 
in the 3-4* layer in June. However, if the values for the 
3-4* zone are eliminated, a difference of 49.3 Ih N/acre still 
exists (Table 33, footnote c). The much higher values for the 
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soil than the plant estimates for the 50N and lOON levels 
could have resulted from the loss of recently applied N 
through denitrification or immobilization on the fertilized 
plots or from greater variability in sampling the surface foot 
of the recently fertilized plots. 
The percentages of the total N removal through September 
that were removed by July were greater for the soil measure­
ments than for the plant estimates, averaging 89JS and 64#, 
respectively (Table 33). Both estimates for the IGOR rate, 
however, were lower than the other N levels. These data 
substantiate the earlier observation that the crop may depend 
on mineralization or nitrate accumulated in the profile for a 
supply of nitrate after the silking stage. 
The total amounts of N that were estimated to have been 
removed in the plant and from the soil in September are com­
pared in Table 3^. In addition to the data for the five N 
levels just discussed that were sampled for analysis on three 
dates, data for three N levels sampled only in June and Sep­
tember are also reported. As shown by the differences in 
column 4-, the soil estimates were much higher than the plant 
estimates for all of the applied N treatments and considerably 
lower for all of the residual N treatments. Inasmuch as 
mineralization and nitrification were not inhibited in this 
study, mineralized nitrate that was not measured in June did 
become available during the growing season. Therefore, exact 
agreement would not be expected. In an attempt to compensate 
104 
Table 34. Calculated N removal in the com plant compared to 
that removed from the soil as nitrate in September, 
1975^ 
Estimated total removal of N. lb N/acre 
Corrected for 
N level 
In the 
plant 
From the 
soil 
Differ­
ence® 
Mineral­
ization 
Other , 
factors 
NoN 51.5 22.4 -29.1 0.0 0.0 
5ON® 81.8 149.6 67.8 96.9 75.9 
lOON 120.9 145.6 24.7 53.8 13.0 
I50N 136.1 177.5 41.4 70.5 9.0 
5OR 66.0 37.1 -28.9 0.2 0.2 
lOOR 98.6 59,7 -38.9 - 9*8 - 9.8 
I5OR 120.2 100.7 -19.5 9.6 9.6 
I5ORR 96.7 58.9 -37.8 - 8.7 - 8.7 
®Data are from Tables 13 and 32. 
^Soil measurement minus plant estimate. 
^The value of 29,1 for the NoN level was added as an 
estimate of mineralization. 
^he other factors were estimated losses throu^ de-
nitrification of 30^ and to immobilization of llj^ (Jolley, 
1974). 
®Values excluding the seemingly high soil data for 3-4' 
in June were, respectively, 81.8, 112.8, 31.0, 60,1, and 39.1 
lb N/acre* 
for this factor, it was assumed that the difference between the 
plant estimate and the soil measurement of the NoN treatment 
was a valid estimate of nitrification. Such an assumption 
should not be greatly in error, although long-term N fertilized 
plots may have a slightly greater capacity for N release than 
unfertilized plots (see Tables 4 and 10). A correction value 
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of 29.1 lb N/acre was added to the difference in column 4 in 
Table 34. As shown in column 5» this resulted in a closer 
agreement for the residual treatments, but a greater dis­
crepancy for the fertilized treatments. 
The measurement of greater N removal from the soil than 
that calculated in the plant could result from several factors. 
One possible explanation of the observed discrepancy is that 
variation in sampling the recently fertilized soils might 
overestimate the amounts of N present in the soil in June. 
This effect would be much greater in June than in either July 
or September, because precipitation and uptake of moisture and 
nitrate during the season would result in more homogeneity of 
nitrate in the surface soil at the later dates. The data in 
Table A? substantiate that variability in sampling the fer­
tilized plots was greater than for residual or control plots, 
but only in June as hypothesized. After correcting the aver­
age amounts of nitrate in the 0-1' layer of each fertilized 
treatment in June for mineralization by subtracting the NoN 
level (Table 10), the nitrate contents would be 83.8, 102,6 
and 142.2 lb N/acre for the 50» 100, and I50 lb N/acre applica­
tions, respectively. Thus, only the 50N treatment seemed to be 
overestimated (by 33*8 lb N/acre) as a result of the varia­
bility of soil sampling. It is concluded, therefore, that 
sampling variation is not the primary cause of the discrepancy 
between the estimated removal of N in the plant and from the 
soil, although the 50N rate does appear to be affected. 
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Another possible cause of the discrepancy could be that 
the plant estimates of N removal are low. The greatest error 
associated with the plant estimate would not be from the grain 
but from the yields and N contents of stover because with the 
latter the number of plants sampled were limited (10 per plot) 
and obtaining a good subsample from the 10 plants was more 
difficult. On the other hand, yields for com grain repre­
sented a large plot area and samples for N analyses were 
easily subsampled. In addition, a second analysis of com 
grain from these same plots gave values similar to those re­
ported. Although the possibility of error in the estimate of 
N removal in the plant should be recognized, there is no reason 
to believe that any possible errors would affect the fertilized 
N levels to any greater extent than the residual levels. 
Therefore, error in the plant estimate of N removal is not 
considered to be the source of the observed disagreement. 
The measurement of more N removal from the soil than cal­
culated in the plant would also result if part of the N applied 
in the spring to the surface soil was lost through denitrifica-
tion and volatilization, or if it was immobilized in organic 
residues. The latter reaction would have to be permanent for 
a net loss to occur between June and September as observed. 
Data from these same plots (Jolley, 1974; and W, H. Pierre 
and V. D. Jolley, Dept. of Agronomy, I.S.U., unpublished data) 
suggested that over a period of 1? years between 26^ and 37^ 
(an average of 30#) of the N applied was lost through 
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denitrification and that 6% to 1S% (average of 11^) was 
immobilized in organic matter, depending on the rate of N 
applied. Assuming that the long-term average effects apply 
to the 1975 data, the N lost to denitrification and N 
immobilized would be kVfo of the N applied or 21, 41, and 62 
lb N/acre for the 50N, ICON and 150N treatments, respectively. 
If the values for the 50N, ICON, and I5ON rates in column 5 
of Table 34 were corrected for these losses, the respective 
differences become 76, 13 and 9 lb N/acre. An additional 
correction of 3^ lb N/acre could be made to the 50N rate for 
the sampling variation previously discussed, and the re­
spective values become 42, i3, and 9 lb N/acre. This would 
be close agreement between the two estimates, except for the 
50N rate ; however, if the previously noted high value in June 
for the 3-4* layer was excluded, the corrected value would be 
5 lb N/acre for the 5ON rate. Thus, it seems that denitrifica­
tion and N immobilization may explain part of the discrepancy 
between plant estimates and soil measurements of N removal. 
One of the problems with this interpretation is that the 
conditions generally considered necessary for denitrification 
(excess moisture in the surface soil) may have existed for 
only a few days between the June 20 and July 29 sampling 
dates (4.02 inches of rain between June 14 and June 21). There 
is considerable evidence, however, that denitrification occurs 
very rapidly. Blackmer (1973) measured N2 losses in the 
laboratory after three days from saturated soil columns of 
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46, 991 and 171 lb N/acre for 0-, 100-, and 200-lb N/acre 
rates of application, respectively. Australian workers 
(Stefanson and Greenland, 1970; and Stefanson, 1972) found 
over a period of 38 days that denitrification was greater in 
cropped than in uncropped soil and that some denitrification 
occurred at moisture ranges well below field capacity. Thus, 
the losses measured in the present study are entirely possible 
since the required conditions may have existed although 
probably for only a short time. 
The estimates reported for N removed in the plant include 
only the above-ground parts of the plant. The influence of N 
level on the root distribution in 197^ is discussed in the 
section on Root Distribution of Com and a value of 17»^ lb 
N/acre (Table 40) was estimated to be present in the root 
system. No root measurements were made in 1975» but N level 
had no significant effect on root weight in 1974 and the 
effect on N content would probably be small. The roots of 
the control and fertilized root systems would, therefore, 
contain similar amounts of N. The N present in the root 
system would increase the estimated N removal in the plant for 
all N treatments and decrease the difference between soil and 
plant measurements by 17 lb N/acre. However, the values 
corrected for mineralization and other factors would not change. 
The N-use efficiencies (bu grair/lb N removed) for the 
various N levels are given in Table 35* The data are based on 
both soil and plant removal of N because when denitrification 
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Table 35* The N-use efficiency as measured by the yield of 
grain per lb of N removed, 1975 
N level 
Yield 
bu/acre 
N removal^ 
lb N/acre 
N efficiency 
bu grain/ 
lb N 
NoN 35.2 51.5 0.68 
5ON 76.2 112.8 0.68 
lOON 89.4 145.6 0.61 
I5ON 103.7 177.5 0.58 
Avg^ - - 0.62 
NoR 31.7 47.3 0.67 
5OR 58.5 66.0 0.89 
lOOR 73.0 98.6 0.74 
I5OR 99.0 120.2 0.82 
Avg^ - - 0.82 
NoRR 38.2 46.9 0.81 
5orr 53.1 60.0 0.89 
lOORR 61.3 76.4 0.80 
I5ORR 76.7 96.7 0.79 
Avg^ 0.83 
"Values for 5ÔN, 10ON, and 150N were measureu in the 
soil. Other values were estimated removal in the plant. 
^Average values exclude the respective control plots. 
or immobilization has apparently occurred, as with the 50N, 
lOON, and I50N levels just discussed, soil would best estimate 
total removal. The other treatments are best represented by 
plant N removal. The range in efficiency is from 0.58 to 
0.89 bu/lb N removed and there is a tendency for a decrease 
in efficiency at the higher N rates within each current level 
of N. The average values excluding the respective control 
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plots indicate a general lower efficiency for fertilized 
(0i62 bu/lb N) than for the two residual treatments (0.82 and 
0.83 bi/lb N). 
Summary 
The major objective of this part of the investigation was 
to determine the influence of applied and residual N on corn 
yields and N removal. The influence of various levels of 
applied and residual N on the yield and N content of com 
grain, stover, and total plant, and on the total amounts of N 
taken up by the plant at various stages of plant growth was 
measured in 1974 and 1975» In 1974, fertilized and one-year 
residual N levels were studied at each of the long-term N 
rates of 0, $0, 100, and 150 lb N/acre and, in 1975, & two-
year residual level was added. Com growth was generally 
poor in 1974 because of hot, àry weather, but was adequate in 
1975. 
In 1974, there was little or no difference in grain yield 
response between the two varieties (adapted and early) studied. 
An average of only 18 bu/acre was harvested from the control 
plots of the adapted variety and the maximum yield of about 70 
bu/acre was obtained with the 50N rate for both varieties. 
Higher fertilized rates generally reduced yields, but those 
for the lOON, 150N, and 150R levels were not significantly 
below the maximum. The maximum yields from residual N, ob­
tained at the 15or level, averaged 63 bu/acre for the two 
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varieties. Only the 50R rate did not yield significantly 
more than the control in 1974 and, in 1975f only the 50RR 
level failed to give a significant response compared to the 
control. 
Maximum grain yield of 104 bi/acre was obtained at the 
I50N level in 19751 and the yields of the I50R and lOON rates 
were not significantly lower. Maximum yield after two years 
without fertilization was 77 bu/acre for the i50rr rate and 
similar yields of 76 and 73 bu/acre were obtained for the 50N 
and lOOR treatments. Thus, it is evident that accumulated or 
residual nitrate was utilized by com and produced significant 
yield response. 
Nitrogen rate and current level (applied or residual) 
also significantly affected the N content of grain, the yield 
and N content of stover at maturity, and the N content of the 
leaf in both years. In 1975» stover (whole plant) yield in 
July was not significantly affected by either treatment, but 
N content was affected. 
The relative yield-# N relationship proposed by Pierre 
(W. H. Pierre, Dept. of Agronomy, Z.S.U., unpublished data) 
was studied in both years utilizing the corn grain yields and 
the N percentages of both the grain and the leaf. In 1974, 
there was no predictable relationship between relative yield 
and the N percentage of grain or leaf. This was probably a 
result of the severe moisture stress and the consequent high 
level of barrenness. There was, however, a close relationship 
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in 1975 between relative yield and the N percentage of the 
grain and leaf, and the relation with leaf N was seemingly 
more predictable. This was due, in part, to low yields and 
high N percentages of the grain for the control treatments. 
The critical N percentages of grain were 1.64# and 1.75# 
for 1974 and 1975• respectively, compared with the critical 
percentages of 1.52# to 1.55# previously suggested. The 
possible explanation for the disagreement in 1975 may be that 
the severe lodging, which resulted from a windstorm in late 
July, may have interrupted the normal photosynthetic and 
protein formation processes. 
Estimated removal of N in the mature corn plant at the 
various rates of applied and residual N was calculated from 
the yields and the N contents of the grain and stover in both 
years. The total amounts removed ranged from 38 to 135 lb N/ 
acre in 1974 and from 47 to I36 lb N/acre in 1975» In 1974, 
an average of 57# of the total, and as much as 66# of the 
total N, was removed in the stover. Conversely, an average of 
61# and as much as 67# of the total in 1975 was removed in the 
grain. The unusual distribution between grain and stover in 
1974 was probably a result of barrenness and low yield 
response. 
The estimated amounts of N removed in the whole com 
plants at maturity were compared to the amounts removed from 
the soil for both years. In 1974, estimated plant removal 
was greater than soil removal for the four N levels studied, 
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but after correction for possible mineralization of soil N 
during the season, agreement was much closer. In 1975i soil 
estimates were much higher than the plant estimates for the 
fertilized N treatments and considerably lower for all of the 
residual N treatments. After correction for possible min­
eralization, there was excellent agreement between the two 
estimates for the residual plots, but a greater discrepancy 
between the values for the fertilized plots. An additional 
correction for possible soil N losses by denitrification and 
immobilization (based on long-term measurements) was applied 
to the removal data and resulted in close agreement for most 
of the removal values as estimated by the two methods. It 
was concluded that N present in the root system would 
not affect this comparison because N level had no effect on 
root weight and the effect on N content would be small. 
Nitrogen removal in the crop in July (25-75^ silking) 
ranged from 26 to 85 lb N/acre. An average of Skfo of the 
season's total uptake was removed by late July and this per­
centage did not appear to be closely related to N treatment. 
The corresponding average value for measured N removal from the 
soil was 89^ of the total. Thus, the crop seemingly depended 
on mineralization or residual nitrate in the profile for a 
N supply after the silking stage. 
The N-use efficiency, defined as the bu of grairi/lb N 
removed, was calculated for both years. Efficiency did not 
differ between fertilized and residual levels in the 1974 
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measurements. In 1975» there was a trend for N efficiency to 
decrease as N rate increased above the 50-lb N/acre long-term 
rate for the three current N levels. The average efficiency 
for different current levels of N showed a general lower 
efficiency for the fertilized (0.62 bu/lb N) than for the two 
residual levels (0.82 and 0.83 bu/lb N, respectively). 
In general, residual nitrate in the soil profiles was 
less effective than current applications in increasing yields 
and N levels in the plants. However, the residual supply did 
have a significant effect on the characteristics measured and 
contributed to the N requirements of com plants. It is 
apparent that such nitrate can be effectively used by plants, 
particularly in late season and in the absence of adequate 
current applications of fertilizer N. 
Root Distribution of Corn 
Moody experiment -1974 
A detailed description of the soil sampling and laboratory 
techniques used to evaluate the distributions of com roots 
in the Moody silty clay loam soil was given in the Plans and 
Procedures. Root lengths and weights were determined from 
samples of the $0R, lOOR, and lOON treatments. Soil-core 
samples were obtained at 5", 10", and 20" from a com plant 
and perpendicular to the com row. The cores from the 0-2 • 
depths were divided into six-inch increments and those from 
115 
the 2-6* depths into one-foot increments. 
The detailed data of root length and weight for each field 
replicate and nitrogen treatment are found in Tables and 
A5. There was considerable variation of both length and weight 
of roots among the replicates of a given N treatment. 
The analysis of variance for the data is given in Table 
36 and showed that N level had no consistent effect on either 
length or weight of roots. Therefore, an average of the three 
N levels was calculated for the different depths and distances 
from the plant and are given in Table 37• The average root 
length and weight at each depth for the three distances from 
the plant are shown graphically in Figures 20 and 21, A 
similar pattern of distribution was observed for length and 
weight of roots. As would be expected, there was a close 
correlation between root length and weight (r=0.83). Both 
measurements significantly decreased with depth at all three 
distances from the plant, and roots were found to a depth of 
six feet. The significant differences with distance from the 
plant were limited to a depth of two and three feet for 
length and weight, respectively, as shown by the analysis of 
variance for different depth increments in Table 38* The 
length and weight of roots at distances of 10" and 20" from 
the plant were similar in the 2-3' layer. The small signifi­
cant difference observed for weight in the 2-3' zone was 
probably of limited importance. Therefore, differences in 
root weight and length with distance from the plant were 
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Table 36. Analysis of variance for length and weight of com 
roots, 1974 
Source of Degrees of 
variation freedom 
Mean souares 
Length Weight 
Block 2 535.^ 5.2 
Nitrogen 2 736.2 123.5 
Error (a) 4 285.9 25.9 
Distance 2 2201.2#* 693.3** 
Depth 5 31519.0** 2848.5** 
Distance x depth 10 725.6** 231.9** 
Nitrogen x distance 4 511.9 140.3 
Nitrogen x depth 10 378.8 153.6* 
Nitrogen x distance x depth 20 301.8 75.3 
Error (b) 102 275.0 68.9 
**ifo level of significance. 
*5fo level of significance. 
largely limited to the 0-2' layer. 
The relative amounts of roots found at different depths 
for each distance from the plant are given in Table 39. It 
is evident that the relative amounts of roots measured at a 
given depth did not change markedly for the measured distances 
from the plant. An average of 75%* 209S, and of the root 
weight was found in the 0-2', 2-4', and 4-6' layers of the 
Table 37* Average length and weight of corn roots with depth at different 
distances from the plant, 1974& 
Distance 
from pl^t, Depth of soil, feet 
inches 0.5 1.0 I.5 2.0 3.0 4.0 5.0 6.0 Total b 
Root length, cm/100 cc of soil 
5 62.1 58.6 36.6 31.7 30.0 26.3 13.0 2.2 260.5 
10 33.1 47.3 31.2 26.9 22.9 20.3 10.5 3.3 195.5 
20 39.9 40.1 24.7 26.3 24.2 23.8 11.5 2.1 192.6 
Root weight. mg/100 cc of soil 
5 18.4 22.5 15.0 8.0 6.9 6.2 2.4 0.5 79.9 
10 13.0 11.7 8.4 6.4 4.3 4.4 2.1 0.6 50.9 
20 8.2 8.6 4.0 4.8 3.9 5.7 2.5 0.3 38.0 
^Values are the average of all N levels. 
^Represents the sum of the eight depths for each distance. Values are cm/core 
and mg/core for length and weight, respectively. 
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Figure 20, Average length of roots (cn^/lOO cc of soil) at different depths and 
distances from the com plant, 197^ 
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Figure 21. Average weight of roots (m^lOO cc of soil) at 
different depths and distances from the corn 
plant, 1974 
Table 38. Analysis of variance by depth for length and weight of com roots, 197^ 
Source of Degrees of Mean squares by depth Lfept) 
variation freedom 0-1 1-2 2-3 3-4 4-5 5-6 
Root length 
Block 2 545.0 192.7 477.4* 175.5 127.8 19.1 
Nitrogen 2 870.9 1243.7 280.2++ 145.9 84.0 5.5 
Error (a) 4 914.6 364.5 57.9 185.9 214.3 18.6 
Distance 2 4924.1* 678.1++ 128.0 80.6 14.2 4.3 
Nitrogen x distance 4 930.3 820.8* 81.1 136.0 45.8 6.9 
Error (b) 12 1158.8 202.6 
Root weight 
67.3 138.1 109.9 4.5 
Block 2 8.7 42.0 5.8 18.7 1.8 0.18 
Nitrogen 2 581.0 235.6 26.2 40.2 8.2 0.28 
Error (a) 4 246.5 67.9 7.6 23.3 7.9 0.49 
Distance 2 1368.4* 452.0++ 24.4++ 7.3 0.3 0.20 
Nitrogen x distance 4 301.1 180.4 12.3 19.5 3.4 0.16 
Error (b) 12 315.1 125.0 7.4 8.8 7.9 0.17 
*5% level of significance. 
++10^ level of significance. 
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Table 39- Percentage of the total length and weight of com 
roots found at different depths and distances from 
the plant, 1974& 
Distance from the plant 
feet 5 10 20 5 10 20 
Root weight Root length 
0-0.5 23 26 22 24 17 21 
0.5-1.0 28 23 23 22 24 21 
1.0-1.5 19 16 10 14 16 13 
1.5-2.0 10 13 13 12 14 14 
2.0-3.0 8 8 10 12 12 12 
3»0-4.0 8 9 15 10 10 12 
4.0-5.0 3 4 6 5 5 6 
5» 0—6#0 1 1 1 1 2 1 
^Based on the total roots measured at indicated distance 
from plant. See Table 37» 
soil, respectively. The corresponding values for root length 
were 70#, 23#, and 7# of the total. Thus, as in other re­
ports (Fehrenbacker and Alexander, 1955i Poth, 1962; 
Follett et al., 1974), the major portion of the roots 
were in the surface two feet. Nonetheless, the 25# to 30# 
measured at deeper depths could be important for nutrient 
uptake, especially for mobile compounds, such as nitrate, 
that accumulate in these depths. Taylor and Klepper (1973) 
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suggested that roots at lower depths in the soil were as 
effective as surface roots in removing water, and perhaps more 
effective when the surface soil was dry. The corollary for 
nutrient uptake has not been established. 
The yields of roots for each depth and the total yield 
for the profile are given in Table 40. The values reported 
for the 0-2* layers are the weighted averages based on the 
volume of soil represented at the 5"» 10", and 20" distances 
from the plsuit and those below two feet are the averages of the 
three distances. The total root yield estimate of 17^3 lb/ 
acre is within the range reported in other published data 
(Fehrenbacker and Snider, 1954; Fehrenbacker and Alexander, 
1955). The ratio of top to root, given in Table 41, ranged 
from 2.6 for the control plots to 4.9 for the 150N plots. The 
2.6 ratio for the unfertilized treatment is lower than other 
reported data, and the 4.9 ratio is comparable (Fehrenbacker 
and Alexander, 1955)» Top/root ratios of up to 10 have been 
reported with high com yields (Fehrenbacker and Snider, 1954; 
Foth, 1962). 
Although the N content of the sampled roots was not de­
termined, an estimate of the N content of the roots is given 
in Table 40. The values were calculated from the weight of 
roots measured and a N percentage of 1.00# obtained from an 
average of published data (Latshaw and Miller, 1924; Fehren­
backer and Snider, 1954; Nelson, 1956; Benne et al., 1964). 
A total of 17.4 lb N/acre was estimated to be present in the 
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Table 40. Weight and N content of the roots with depth and 
the totals for the profile, 1974 
Depth, Root oven-dry root^ 
feet g/100 cc lb/A lb N/A 
0-1 28.8 783.3 7.8 
1-2 22.1 600.3 6.0 
2-3 5.0 136.0 1.4 
3-4 5.4 146.8 1.5 
4-5 2.3 62.6 0.6 
5-6 0.5 13.6 0.1 
Total - 1742.6 17.4 
Values for the 0-1' and 1-2' layers are weighted to 
represent the volume of soil at the three distances and those 
below two feet are the average for the three distances. 
^Values are estimates based on an average N percentage 
of 1.00# obtained from Latshaw and Miller (1924), Fehrenbacker 
and Snider (1954)• Nelson (1956), and Benne et al» (1964). 
roots. This compares with a range in total N removal in the 
above-ground parts of 38 to 135 lb N/acre for the control and 
i50n levels, respectively. Thus, N present in the roots was 
13# to 469S as much as that found in the above-ground plant 
parts in this study. Benne et al. (1964) estimated that about 
10 lb N/acre was present in the root system at harvest, or 
only % as much as in the above-ground portions of the plant. 
However, they obtained com grain yields of over 140 bu/acre. 
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Table 41. Top/root ratios for the various levels of N at the 
Moody experiment, 1974 
Yield 
lb/A Top/root 
N level oven-dry ratio* 
NoN 4559 2.6 
50N 8176 4.7 
lOON 8347 4.8 
I5ON 8576 4.9 
NoR 4559 2.6 
5OR 5158 3.0 
lOOR 6608 3.8 
I5OR 7968 4.6 
^Based on the root weight of 1742.6 lb/acre from Table 40. 
whereas maximum yield in this study was half as great (73 bu/ 
acre). Calculations from the data of Fehrenbacker and Snider 
(1954) on three different soils showed a range of 6 to 23 
lb N/acre in the root system and 16^ to 20^ as much N in the 
roots as in the stover, grain, and cob. These data indicate 
that only a small amount of the N removed from the soil re­
mains in the roots at harvest time. 
The length and weight of roots, as well as the estimate 
of N present in the roots, may be low. The possible under­
estimation is related to the time of root sampling and the 
location of the cores sampled. Various workers (Poth, 1962; 
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Mengel and Barber, 1974) have observed a maximum root develop­
ment about 80 days after emergence and a decline after that 
date. They also found a higher concentration of roots directly 
below or midway between two com plants in a row than between 
two rows. However, in this study the possible damage incurred 
from sampling 80 days after emergence or between two plants in 
a row made a later sampling date and the distances sampled 
more feasible. The possible underestimation of roots was not 
considered important for the purposes of this experiment. 
Summary 
The major objective of this part of the investigation was 
to determine the depth and distribution of roots in the Moody 
silty clay loam soil. The length and weight of corn roots in 
197/f to a depth of six feet were measured at distances of 
5", 10", and 20" perpendicular to a com row for the 50R, 
lOOR, and lOON levels of N. Neither length nor weight of roots 
was affected by N level, but there was a significant decrease 
with depth for both. Differences of root length and weight 
with distance from the plant were largely limited to the 
surface two feet. As expected, a high correlation was found 
between length and weight of roots. Roots were measured as 
deep as the 5-6* layer in the profile. Averages of 75^. 20#, 
and S'fo of the total root weight in the profile were measured 
in the 0-2', 2-4*, and 4-6' layers, respectively, and the 
corresponding values for root length were 70#, 23#, and 7# of 
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the total. Thus, about 25 to 30^ of the roots were found be­
low two feet in the Moody silty clay loam soil. 
The total yield of roots by depth was calculated and the 
root yield for the entire profile was 17^3 lb/acre. The ratio 
of shoot to root, based on the total above-ground yields and 
the root yield just described, ranged from 2.6 to 4.9. The 
ratios obtained were generally in the range reported else­
where , 
The N content of the roots were not actually measured, 
but an average value of 1.00^, obtained from reported data, 
was used to calculate the total amount of N present in organic 
form in the roots. The 17.4 lb N/acre estimated to be present 
in the roots was I39S to 46^ as much as found in the tops. 
As yields increase, the percentage present in the roots would 
be expected to decrease as shown by the data of Benne et al. 
(1964). Thus, only a small amount of the N removed from the 
soil remains in the roots at harvest time. 
Soybean Response to Residual and Applied N at the 
Clarion-Webster Experimental Farm, 1975 
Nitrate accumulation - Webster silty clay loam soil 
An experimental area previously cropped to corn and fer­
tilized annually for eight years with all possible combinations 
of N and K at rates of 0, 40, 80, I60, and 320 lb/acre for 
each element was used to study the effect of applied and re­
sidual N on soybean growth. The N and K treatments and the 
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average corn yields for the eight years of study are given in 
Table A12. As shown, corn responded to both N and K fer­
tilization on these soils, and the maximum average yield of 
150 bu/acre was obtained with the combination of 320 lb of N 
and 80 lb of K per acre. 
Soil samples were taken in October 1974 to a depth of 
six feet, as previously described in the Plans and Proce­
dures, to assess the residual accumulation of nitrate in the 
root zone after the eight years of fertilization. Samples for 
the determination of bulk density were also taken and the bulk 
densities for each depth, as well as the equivalent Ib/acre-
foot used in the quantitative calculation of nitrate nitrogen, 
are shown in Table 42. 
The detailed data of the nitrate content with depth for 
the various N rates are given in Table AI3 and the effect of 
the different rates of N fertilization on the amount and the 
distribution of nitrate is shown in Figure 22, The increase 
in nitrate accumulation from fertilization was found by sub­
tracting the nitrate in the control plots (NoN) from that in 
the N-fertilized plots, and the values for each depth and the 
total are given in Table 43. It is evident from these values 
that accumulation of N from N fertilization was la%^ely limited 
to the 320-lb N/acre rate, although small accumulations re­
sulted at the 80- and l6o-lb N/acre treatments. Only the 
accumulations of 46 and 248 lb N/acre found in the I60N and 
32ON treatments were considered to be of significance. About 
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Table 42. Bulk density with depth for the Webster silty clay 
loam soil 
Depth 
feet 
Bulk density®" 
e/cc 
Millions of 
Ib/acre-foot^ 
0-1 1.45 3.943 
1-2 1.51 4.106 
2-3 1.51 4.106 
3-4 1.51 4.106 
4-5 1.55 4.215 
5-6 1.64 4.460 
^he average of three measurements for each depth. 
^Used to convert parts per million (ppm) of nitrate 
nitrogen to lb N/acre-foot. 
75?5to 809S of the accumulated N was found in the surface three 
feet. Thus, it appeared from the location of the accumulated 
nitrate that the most recent application (1974) of N may have 
been the major source of the N. However, it was thought that 
this site would provide an excellent opportunity to observe 
the effect of applied N and residual nitrate on soybean yields. 
The accumulation of nitrate in this experiment was much 
lower than that found at two other Iowa locations by Jolley 
(1974). The data for the present study, however, reflect the 
nitrate that would be available for plant utilization and not 
necessarily the total accumulation of fertilizer-derived 
nitrate in the soil profile. Accumulation at deeper depths or 
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Figure 22. Effect of different rates of N on the accumulation 
of residual nitrate at the Clarion-Webster Ex­
perimental Farm, October 1974 
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Table 4], Accumulation ànd depth distribution of residual 
nitrate in the root zone after eight years of N 
fertilization with various rates of N, Clarion-
Webster Experimental Farm, 1974 
Nitrate content for indicated annual N 
Depth, 
feet 
treatment, lb N/acre^ 
0 40 80 160 320 
0-1 - -0.8 4.7 22.4 87.9 
1-2 - —0»8 4.1 9.9 72.7 
2-3 - -0.9 -0.4 3.7 28.7 
3-4 - 0.4 2.9 3.3 16.9 
4-5 - -1.6 0.0 1.3 20.3 
5-6 - 3.6 3.6 4.9 21.4 
Total - —0.1 14.9 45.5 247.9 
Represent the increases above the level found in the 
unfertilized plots. N rate significantly affected accumula­
tion with deçth and the total accumulation (1^ level of 
significance). 
loss through the drainage tiles was quite possible under the 
conditions of this experiment. Additionally, precipitation 
for this experiment is more favorable (normal of 30.6 inches 
annually) than at the other two locations (about 25 inches 
annually). The more favorable precipitation is reflected in 
yields of 50 to 6o bu/acre higher at the Clarion-Webster 
Experimental Farm than at the other two sites, which would 
concurrently increase the amount of N harvested annually at 
the Clarion-Webster Experimental Farm. Thus, the lower 
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accumulation at this site is not entirely surprising. 
Yield 
The experimental design and the modifications of the 
original N and K treatments are shown in Figure 4 and a concise 
summary is given in Table 44. Since essentially no accumula­
tion of nitrate had occurred with the 40- and 80-lb N/acre 
annual rates, 240 and 120 lb N/acre were applied in 1975 to 
these treatments, respectively. They were designated as the 
high and low applied treatments. Low and hi^ residual treat­
ment designations were assigned to the previous 160- and 320-
Ib N/acre treatments and no additional N was applied in 1975* 
The original experimental plan was to plant nodulating 
(S) and nonnodulating (N) soybean isolines as shown in Figure 
4 and to utilize the nonnodulating type as an estimate of soil-
derived nitrogen (Weber» 1966)» This plan was followed, but 
during the growing season it became apparent that the seed 
which had been obtained was all of the nodulating type and, 
consequently, no estimate of the relative contribution of 
soil nitrate and symbiotically fixed-Ng could be made. 
The yields of the nodulated and nonnodulated isolines were 
essentially the same because, as previously discussed, the 
isolines were nodulated equally at an early stage of growth. 
Consequently, the yields obtained from the two harvest areas 
of each plot were averaged and these detailed data are given 
in Table A12. 
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Table 44. Summary of the experimental outline for the soy­
bean experiment, I975 
Designation 
Annual N aaelication* 
1967-1974 1975 
Nitrate ^ 
accumulation 
lb N/acre 
Control (NoN) 0 0-. 0 
High applied 40 240 0 
Low applied 80 120 15 
Low residual 160 0 46 
High residual 320 0 248 
*These rates were applied to all combinations of the 0-, 
40-, 80-, 160-, and 320-lb K/acre treatments, 
^Accumulation in excess of the control to a depth of 
six feet as measured in October 1974* 
The average yields of soybeans at the Yarioys levels of 
applied and residual N for the different K levels are sum­
marized in Table 4$. These data indicate very satisfactory 
yields and a trend for increased yield from N and K fertiliza­
tion. However, as shown in Table 46, only the effect of N 
was statistically significant (1^ level of significance). The 
maximum average yield increase from N was 3.2 bu/acre for the 
high applied level of N. 
Orthogonal comparisons of various N combinations are also 
given in Table 46. These data indicate that applied and 
residual sources were equally effective in producing yield 
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Table 4$. The effect of various levels of applied and re­
sidual N and applied K on soybean yields, 1975 
K 
treat­
ment 
lb V 
acre 
Yield at indicated N level^ 
Avg Control 
APTJlied Residual 
Low High Low High 
0 46.8 46.9 48,7 47.3 51.7 48.3 
40 46.2 47.9 52.5 50.9 50.6 49.6 
80 48.5 50.6 51.0 49.2 49.5 49.8 
160 49.9 47.6 51.3 49.3 52.0 50.0 
320 49.4 49.3 53.2 48.6 49.8 50.1 
Avg 48.2 48.5 51.4 49.0 50.7 49.6 
®The average of two harvest areas per plot, 
responses, and that the high levels of both applied and re­
sidual N gave greater response than the corresponding low 
levels. Although a comparison is not made between the low 
levels of N and the control, the increases observed were very 
small and probably not significant. 
Although increases in yield were obtained from both re­
sidual and applied N, the increases were limited to high, and 
probably uneconomical, levels of N. This was also the con­
clusion reached by Welch et al. (1973)» The response at high 
levels of N and the lack of response at low levels tend to 
substantiate the idea that symbiotic M^-fixation and soil N are 
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Table 46. Analysis of variance for soybean yield with 
orthogonal comparisons, 1975 
Degrees of 
Source of variation freedom Mean square 
Block 2 17.973++ 
Potassium 4 8.001 
Nitrogen x potassium 16 5.964 
Nitrogen 4 30.175** 
Control vs nitrogen 1 35.742* 
Applied vs residual 1 0.001 
High applied vs low applied 1 63.365** 
High residual vs low residual 1 21.590++ 
Error 48 6.249 
**1# level of significance. 
level of significance. 
++10# level of significance. 
not complementary. Hence, the data from this study support 
the theory that soybeans may preferentially use combined 
nitrogen and use symbiotically fixed Ng only when combined N 
is inadequate, as proposed by Alios and Bartholomew (1959). 
The effect of directly applied versus residual nitrogen 
on nodulation (i.e., nodule size and number) was not determined 
in the present study. However, from a practical standpoint 
the hypothesis that deep-placed or subsoil nitrate might 
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overcome the detrimental effects on nodulation (Harper and 
Cooper, 1971) or might be more effective than surface applied 
N (deMooy, Pesek, and Spaldon, 1973) was not substantiated 
by the present study. This may have been due to the fact that 
over half of the residual N measured in these plots was lo­
cated in the upper two feet of the soil profile. 
Summary 
Plots previously cropped to com and fertilized for eight 
years with all possible combinations of N and K at rates of 
0, 40, 80, 160, and 320 lb/acre were used to study the effect 
of residual and applied N on soybean growth. As measured in 
October 1974, there was essentially no accumulation of nitrate 
to a depth of six feet (in excess of the control) for the 40-
and 80-lb N/acre rates and total accumulations for the I60- and 
320-lb K/acre rates were only 46 and 248 lb N/acre. 
Since there was essentially no accumulation of nitrate at 
the 40- and 80-lb N/acre annual rates, 240 and 120 lb N/acre 
were applied in 1975 to the respective treatments and they were 
designated high and low applied treatments, respectively. No 
additional N was applied in 1975 to the 0-, 160-, or 320-lb N/ 
acre annual rates and they were designated control, low re­
sidual, and high residual treatments, respectively. K was 
applied at the usual annual rates in 1975* Soybeans were 
planted and harvested for yield in the fall. 
There was a nonsignificant trend for yield to increase 
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with increased K, but both residual and applied N gave sig­
nificant yield increases. The maximum average yield, obtained 
from the high applied level of N, was 51»^ bu/acre and the 
maximum increase from N was 3.2 bt/acre. Pour orthogonal com­
parisons were calculated which indicated that applied and 
residual sources were essentially equal and that the high 
levels of both applied and residual N gave greater response 
than the low levels. Yields for the low applied and low 
residual treatments were about equal to that of the control 
(NoN). 
It was concluded that even though yield responses were 
obtained from both applied and residual N, the responses were 
with high and uneconomical rates of N. Prom a practical 
standpoint, the hypothesis that deep-placed or subsoil nitrates 
might overcome the detrimental effects of surface applied N 
on nodulation or might be more effective than surface applied 
N was not substantiated by this study. 
137 
SUMMARY AND CONCLUSIONS 
As indicated in the summaries of the preceding sections, 
this study was conducted to determine the influence of various 
quantities of applied and residual N on the depth and the 
amount of nitrate absorption by com and on the yield of com 
and soybeans. The primary objectives were* 
1. To measure the quantity of nitrate absorbed by com 
from different depths in the profile of soils that 
had received different amounts of N fertilizer 
annually for 18 to 19 years. 
2. To compare the effects of residual nitrate and di­
rectly applied N fertilizer on com yields and on the 
uptake of nitrate from different depths in the soil. 
3. To determine the depth and the distribution of com 
roots as influenced by N applications to the Moody 
silty clay loam soil, and 
4. To compare the effects of directly applied fertilizer 
N and residual nitrate on the yield of soybeans grown 
on soil which had received various rates of N for 
eight years. 
The major part of the investigation was conducted with 
com on the long-teim Rate of Planting and Nitrogen Experiment 
(1956-1975) at the Moody Experimental Farm in northwest Iowa. 
At this location, the distribution of com roots to a depth of 
six feet was measured in 197^, and the uptake of N and com 
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yield response to various levels of applied and residual N were 
measured over a two-year period (197^-1975) on the Moody silty 
clay loam soil. Two series of N treatments were studied in 
1974 and three were studied in 1975* One involved the con­
tinuation of long-term N applications at rates of 0, 50t 100, 
and 150 lb I^acre and is referred to as the fertilized level 
(NoN, 50N, lOON, and 150N)* The second and third involved 
withholding the long-term N treatments to provide plots for 
the study of one-year (NoR, 50R, lOOR, and 15OR) and two-year 
(NoRRi 50RR. lOORR, and 15ORR) residual effects and are re­
ferred to as residual levels. The two-year residual level was 
available for study only in 1975* 
Neither length nor weight of roots was affected by the 
three N levels (50Ri lOOR, and lOON) studied in 1974, The con­
trol (NoN) treatment was not included in this part of the in­
vestigation. Thus, there was no apparent effect of N source 
on root growth. Both length and wei^it significantly decreased 
with depth, but differences with distance from the plant into 
the center of the row were largely limited to the surfàce two 
feet for both measurements. Roots were measured as deep as the 
5-6' layer in the profile, and averages of 72#, 22$g, and 6# of 
the total roots were measured in the 0-2*, 2-4', and 4-6* 
layers, respectively. Thus, about 30# of the total roots were 
found below two feet in the Moody silty clay loam soil, and 
were, therefore, available for possible absorption of accumu­
lated nitrate. The total root yield per acre for the entire 
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profile was estimated to be 17^3 lb/acre and the shoot to root 
ratios ranged from 2.6 to 4.9. Only a small amount (17.4 lb 
N/acre) of the N removed from the soil was estimated to remain 
in the roots at harvest. 
Uptake of soil nitrate by com was estimated from the 
various N treatments (Table 1) by measuring the decreases in 
soil nitrate during the growing season. Soil nitrate signifi­
cantly decreased during the season to a depth of four feet for 
all N levels and a nonsignificant (10^ level) trend for nitrate 
to decrease in the 4-5* and 5-6' layers was also observed when 
the amounts of surface-applied or residual N in the profile 
were low. The total amounts of nitrate removed to a depth of 
four feet ranged from 22 to 176 lb N/acre in the two years. 
It was found that about 609S to 74^ of the total nitrate 
was removed from the 0-1* layer if N was applied or if residual 
nitrate was low. However, only 22^ to 52^ of the nitrate was 
absorbed from the surface layer when residual nitrate had 
accumulated and no current applications were made. When plants 
were dependent entirely on accumulated nitrate, as much as 22^ 
and 539^ of the nitrate was removed from the 3-4* and 2-4* zones, 
respectively. In some instances in 1975• residual nitrate in 
the 3-4* layer contributed 10-24# of the N, even though 6o% or 
more was removed from the surface layer. Thus, evidence was 
obtained which indicated that com is capable of utilizing con­
siderable amounts of residual nitrate from the 2-4* soil layers. 
However, 135 and 372 lb N/acre were measured in the 4-6* layers 
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of plots from which the two high rates of N had been withheld 
for two years. Further study is required to determine whether 
this nitrate will be utilized by com or lost to leaching. 
The influence of various levels of applied and residual N 
on the yield and N content of grain, stover, and total plant, 
and on the total amounts of N taken up by the plant at various 
stages of plant growth was measured in both years. Com growth 
was generally poor in 1974 because of hot, dry weather, which 
resulted in a maximum com grain yield of only 73 bu/acre and 
a decrease in yield at fertilized rates above 50 Ih N/acre. 
The 15OR (one-year residual) treatment gave yields equivalent 
to the maximum. Growth was adequate in 1975• although lodging 
resulting from a July 23 windstorm probably reduced yields. 
The maximum yield was 104 bu/acre and was obtained with the 
lOON and 15ON (fertilized) and the 15OR (one-year residual) 
treatments. Only the 50R rate in 1974 and the 50RR level in 
1975 failed to give significant response compared to the con­
trol plots. Yields generally were highest for the fertilized 
plots, intemediate for the one-year residual, and lowest for 
the two-year residual treatment. For example, equivalent 
yields (about 75 bu/aere) were obtained for the 50N (fertil­
ized), lOOR (one-year residual), and I50RR (two-year residual) 
treatments in 1975» 
Applied and residual N also significantly affected the N 
content of grain, the yield and N content of stover at maturity, 
and the N content of the leaf in both years. In 1975» stover 
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(whole plant) yield in July was not significantly affected, 
but N content was. 
In general, residual nitrate in the soil profile was less 
effective than current applications in increasing yields and N 
levels of the plants. The residual supply did, however, have 
a significant effect on the characteristics measured and did 
contribute to the N requirement of com plants. It is apparent 
that such nitrate can be effectively used by plants, particu­
larly in late season and in the absence of adequate current 
applications of fertilizer N. 
The study of soybean response to various levels of applied 
and residual N was conducted in 1975 on the long-term N-K Ex­
periment (1967-1974) at the Clarion-Webster Experimental Farm 
in northcentral Iowa. This experiment was located on a Webster 
silty clay loam soil. Total accumulations of nitrate after 
eight years of annual N fertilization and com production on 
this site were 46 and 248 lb N/acre for the I60- and 320-lb 
N/acre treatments and essentially zero at lower rates. These 
two treatments were used as residual treatments in 1975 and 
were compared with current applications of 120 and 240 lb N/ 
acre applied to the previous 80- and 40-lb N/acre treatments, 
respectively. A nonsignificant trend for soybean yields to 
increase with increasing K level was observed, but both 
residual nitrate and applied N increased yields significantly. 
However, the increases were limited to high, uneconomical 
levels of applied and residual N and there was no observable 
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difference between applied or residual sources. It was con­
cluded that the hypothesis that deep subsoil nitrate might 
overcome the detrimental effects of surface-applied N on 
nodulation or mi^t be more effective than surface-applied N 
was not substantiated by this study. 
In addition to the results relating to the major objec­
tives of the study, several other observations were noteworthy. 
First, more than 87^ of the decreases in soil nitrate occurred 
by silking time compared to estimated removal in the crop of 
about 6^ of the total at a similar date. No changes in soil 
nitrate were observed in the 0-1• layer and nitrate decreases 
were largely limited to the 2-4' layer after silking. Thus, 
the crop seemingly depended on mineralization or residual 
nitrate in the profile for a supply of N after the silking 
stage. Second, nitrogen removal in the mature com plant at 
the various rates of applied and residual N was compared to the 
amounts removed in the soil. After a correction to account for 
possible mineralization of soil N during the season, agreement 
between the two values was good in 1974 for all treatments and 
for the residual treatments in 1975* However, there was a dis­
crepancy between the plant and soil values for the fertilized 
plots in 1975* An additional correction for possible losses 
by denitrification and immobilization (based on long-term 
measurements) was applied to the removal data and resulted in 
close agreement for most of the removal values as estimated by 
the two methods. This is additional evidence of considerable 
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loss of applied N through denitrification on this well-
drained and well-aerated soil. Third, soil moisture data 
obtained in both years indicated that rainfall during the 
growing season was retained in the surface and that nitrate 
movement was not a problem. Moisture utilization by com 
tended to be greater and deeper on N-fertilized than on 
unfertilized soils in both years. These trends could be 
explained by greater crop growth on fertilized soils over time. 
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Table Al. Weekly precipitation during the growing season 
(Apr 1-Oct 31) at the Moody Experimental Farm in 
1974 and 1975 
Precipitation, Apr 1 to Oct 31 (inches) 
Week Apr May June July Aug Sept Oct Season 
1974 
1 0.25 0.00 0.93 0.07 0.16 0.00 0.00 
2 0.27 1.03 0.79 0.31 3.11 1.10 0.00 
3 0.00 1.09 1.18 0.29 1.23 0.00 0.20 
4 0.00 0.59 0.00 0.25 1.59 0.00 0.00 
5 0.00 0.19 - 0.09 0.43 0.00 0.67 
Total 0.52 2.90 2.90 1.01 6.52 1.10 0.81 15.82 
Dev. -1.59 -0.33 -1.05 -2.37 
12L5 
+3.23 -1.83 —1.00 -4.77 
1 0:00 0:29 1:19 0:00 1:54 0,56 0
 
0
 
0
 
2 0.70 0.68 2.06 0.02 0.07 0.61 0.00 
3 0.83 0.00 2.97 0.08 0.29 0.16 0.00 
4 1.35 0.19 0.00 1.91 4.49 0.14 0.35 
5 0.45 0.42 0.00 0.00 0.36 0.00 0.00 
Total 3.33 1.58 6.22 2.01 6.75 1.47 0.35 21.71 
Dev. +1.23 -1.57 +2.21 -1.19 +3.12 -1.30 -1.40 +1.12 
151b 
Table A2. Available soil moisture with depth for different 
N treatments at three datés at the Moody e%%)eri-
ment, 1974 
Date 
Depth 
(ft) 
N levels 
NoN 50N lOON I5ON 
•Inches of available moisture-
June 10 
July 23 
Sept 24 
0-1 2.89 2.71 2.89 
1-2 2.19 2.18 2.24 
2-3 1.75 1.52 1.73 
3-4 1.48 1.67 1.37 
4-5 1.72 1.56 0.86 
5-6 2.05 1.60 1.11 
Total 12.08 11.24 10.20 
0-1 0.75 0.42 0.05 
1-2 0.67 0.45 0.35 
2-3 0.92 0.83 0.97 
3-4 1.32 1.13 1.10 
4-5 1.64 1.40 0.96 
5-6 2.02 1.59 1.02 
Total 7.32 5.82 4,45 
0-1 1.65 1.72 1.52 
1-2 1.59 1.56 . 1.27 
2-3 0.62 0.59 0.89 
3-4 1.03 0.70 0.67 
4-5 1.41 1.10 0.84 
5-6 1.68 1.29 1.24 
Total 7.98 6.96 6.43 
2.95 
2.14 
1.76 
I.75 
1.52 
1.11 
II.23 
0.20 
0.16 
0.40 
1.05 
1.13 
1.10 
4.04 
1.32 
0.84 
0.40 
Û.34 
0.81 
1.11 
4.82 
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Table A3. Available soil moisture with depth for different N 
treatments at three dates at the Moody experiment, 
1975 
Depth Oevel 
Date (ft) NoN 50N lOON 15ON $0R lOOR 
•Inches of available moisture-
June 12 
July 29 
0-1 2.81 2.68 2.57 2.49 2.74 2.73 
1-2 2.16 2.24 2.16 2.08 2.13 2.18 
2-3 1.81 1.78 1.72 1.56 1.68 1.84 
3-4 1.87 1.62 1.56 1.30 1.60 1.62 
4-5 2.16 1.76 1.43 1.29 1.76 1.65 
5-6 2.18 1.97 1.37 1.21 1.92 1.62 
Total 12.99 12.05 10.81 9.93 11.83 11.64 
0-1 1.03 0.83 0.59 0.59 0.96 0.75 
1-2 0.56 0.24 0.29 0.21 0.40 0.21 
2-3 0.89 0.50 0.75 
1.34 
0.40 0.76 0.92 
3-4 1.52 1.10 0.70 1.38 1.35 
4-5 1.98 1.51 1.54 1,13 1.65 1.64 
5-6 2.14 1.83 1.56 1.19 1.83 1.73 
Total 8.12 6.01 6.07 4.22 6.98 6.60 
Sept 3Ô 0-1 2.14 2.00 1.52 1.37 i.95 1.84 
1.07 1.22 1.84 1.70 
0.72 0.51 1.05 1.00 
0.58 0.43 0.92 0.81 
0.91 0.97 1.30 1.24 
1.57 1.21 1.62 1.68 
6.37 5.71 8.68 8.27 
1-2 1.97 1.87 
2-3 1.68 0.72 
3-4 1.51 0.91 
4-5 1.89 1.37 
5-6 2.10 1.68 
Total 11.29 8.55 
Table A4. Corn root length {om/lOO cc of soil) at different depths and distances 
from the plant as influenced by N levels at the Moo<3^ experiment, 1974 
N Plot Dist. Depth, feet 
level no. in. 0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 
50R 16 5 
10 
20 
64.7 
30.3 
112.4 
80.0 
55.5 
37.0 
38.8 
39.0 
17.4 
47.5 
26.3 
74.0 
17.6 
18.1 
28.0 
17.3 
17.2 
36.5 
10.4 
5.3 
12.7 
1.6 
1.5 
0.1 
31 5 
10 
20 
39.4 
28.5 
26.6 
86.6 
57.4 
40.7 
52.9 
29.9 
30.2 
29.5 
19.7 
9.9 
49.0 
11.9 
24.8 
39.8 
5.6 
19.2 
12.4 
12.5 
8.4 
2.6 
9.2 
0.9 
45 5 
10 
20 
53.8 
33.3 
54.5 
53.0 
48.0 
43.2 
52.9 
28.9 
60.4 
36.6 
17.2 
43.0 
34.4 
41.1 
47.7 
28.8 
20.2 
7.6 
11.5 
3.8 
0.5 
0.0 
2.0 
0.0 
lOOR 5 5 
10 
20 
105.6 
39.4 
Z5.9 
37.4 
33.7 
26.8 
19.4 
15.1 
28.6 
26.4 
20.5 
12.4 
12.9 
14.5 
10.4 
15.1 
17.8 
12.9 
10.1 
10.5 
2.7 
4.3 
3.7 
0.0 
26 5 
10 
20 
60.3 
16.3 
7.0 
56,0 
67.0 
18.6 
23.0 
40.1 
22.1 
35.3 
30.0 
20.7 
12.1 
23.1 
11.1 
15.7 
28.0 
14.6 
10.9 
23.4 
13.7 
0.5 
6.0 
5.2 
40 5 
10 
20 
28.9 
80.5 
79.5 
27.9 
46.4 
46.3 
50.6 
19.8 
18.8 
28.0 
27.2 
32,6 
35.8 
27.6 
27.8 
24.1 
33.2 
27.6 
22.3 
4.4 
7.3 
0.0 
0.6 
0.0 
Table A4, (Continued) 
N Plot Diet. Depth, feet 
level no. in. 0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 
lOON 1 5 
10 
20 
43.0 
18.6 
14.3 
52.9 
26.7 
58.1 21.4 
25.4 
39.5 
12.6 
36.7 
21.5 
17.8 
30.2 
19.7 
55.5 
18.6 
14.2 
55.1 
6.7 
4.8 
10.5 
22 5 
10 
20 
51.8 
25.0 
8.3 
106.0 
33.6 
36.8 
37.3 
26.2 
10.1 
23.4 
36.3 
9.9 
34.2 
24.2 
21.3 
17.7 
20.0 
6.9 
12.1 
10.4 
0.1 
0.8 
1.3 
1.3 
44 5 
10 
20 
111.2 
26.1 
30.3 
28.0 
58.0 
53.2 
24,3 
35.3 
13.0 
32.7 
25.2 
21.8 
37.0 
23.8 
29.0 
48.1 
21.5 
33.7 
8.7 
10.0 
3.3 
3.2 
1.2 
1.3 
Table A5. Corn root weight (mg/lOO cc of soil) at different depths and distances 
from the plant as influenced by N levels at the Moody experiment, 1974 
N 
level 
Plot 
no. 
Dist. 
in. 
Depth . feet 
0.5 1.0 1.5 2.0 3.0 4.0 5.0 6.0 
50R 16 5 
10 
20 
12.8 
8.0 
21.1 
47.0 
23.2 
9.3 
7.2 
8.5 
2.2 
12.5 
4.7 
14.8 
2.5 
2.9 
3.7 
2.8 
U 
1.6 
1.3 
2.1 
0.7 
0.1 
0.0 
31 5 
10 
20 
7.6 
4.6 
3.6 
47.2 
16.4 
5.8 
27.0 13.7 
2.5 
1.3 
14.2 
1.2 
3.4 
6.3 
0.8 
4.4 1.6 
0.3 
1.1 
0.0 
45 5 
10 
20 
33.5 
10,0 
16.6 
32.5 
14.9 
8.4 
1.6 
8.5 
u 
7.8 
6.0 
8.2 
2.0 
2.7 
0.6 
0.1 
0.0 
1.0 
0.0 
lOOR 5 5 
10 
20 
57.8 
10.2 
4.5 5.3 
2.6 
3.4 
3.9 
U 
1.1 
2.2 
3.6 
1.1 
2.8 
i-i 
1.6 
0.9 
0.4 
0.8 
0.4 
0.0 
26 5 
10 
20 
57^6 
0.4 
14.7 
11.7 
5.5 
3.0 
7.9 
2.7 
4.6 
12.5 
4.6 
1.6 
ï:i 3.8 
1.1 
4.7 
2.8 
0.1 
0.9 
1.1 
40 5 
10 
20 
5.3 
11.3 
16.8 
5.1 
5.3 
9.8 
14.7 
4.8 
2.2 
3.8 4.8 
4.4 
5.4 
3.2 
5.3 
5.0 
4.7 
1.0 
0.7 
0.0 
0.0 
0.0 
M 
VA 
Vn 
Table A5. (Continued) 
N Plot Dist. Depth, feet 
level no. in. 0.5 1.0 I.5 2.0 3.0 4.0 5.0 6.0 
lOON 1 5 10.1 9.0 14.7 6.4 11.6 15.2 2.8 1.1 
10 3.6 7.0 27.4 11.2 5.7 3.2 1.8 1.1 
20 1.3 1.4 3.1 2.0 3.6 16.2 13.0 1.3 
22 5 7.3 32.9 42.4 10.1 12.4 4.5 1.4 0.3 
10 5.1 11.6 3.6 12.8 6.4 3.0 3.6 0.1 
20 1.2 10.8 1.8 2.0 3.8 1.1 0.0 0.1 
44 5 19.7 5.0 3.9 8.9 7.2 12.3 3.0 1.2 
10 6.3 14.0 9.9 4.7 4.4 5.0 3.8 0.6 
20 8.0 19.6 1.2 4.6 4.4 10.3 1.3 0.2 
Table A6. Nitrate content of the soil with depth at three dates for various applied and residual N 
levels at the Moody experiment, 1974 
Nitrate content, lb N/acre 
June July September 
Depth Field replication Field replication Field replication 
feet I II III Avg I II III Avg I II III Avg 
NoR 
0-1 40.1 37.5 36.1 37.9 14.7 17.7 14.7 15.7 17.4 16.1 17.4 17.0 
1-2 13.8 13.8 11.1 12.9 9.0 6.9 9.0 8.3 6.2 6.2 4.5 5.6 
2-3 8.0 8.0 5.8 7.3 4.0 4.7 4.3 4.3 5.4 4.3 3.6 4.4 
3-4 4.7 5.4 3.6 4.6 3.6 3.6 5.4 4.2 6.9 3.6 2.9 4.5 
4-5 9.0 9.0 12.7 10.2 4.0 5.1 5.4 4.8 7.2 4.0 3.3 4.8 
5-6 6.3 8.7 7.9 7.6 5.5 4.7 4.3 4.8 6.3 4.3 3.5 4.7 
Total 81.9 82.4 77.2 80.5 40.8 42.7 43.1 42.1 49.4 38.5 35.2 41.0 
50N 
0-1 73.6 65.6 69.6 20.1 17.4 18.4 19.3* 16.4 20.1 17.7 17.1^ 
1-2 19.0 - 15.9 17.5 8.3 7.9 12.4 10.4 6.6 4.1 4.8 5.7 
2-3 8.7 - 8.0 8.4 7.2 5.1 3.6 5.4 4.7 3.6 3.6 4.2 
3-4 6.9 - 6.5 6.7 7.2 6.5 3.6 5.4 4.0 5.1 4.0 4.0 
4-5 10.1 « 5.8 8.0 7.2 12.3 4.3 5.8 2.9 5.8 2.9 2.9 
5-6 9.1 - 5.9 7.5 6.7 23.7 5.9 6.3 4.7 11.8 5.1 4.9 
Total 127.4 107.7 117.7 56.7 72.9 48.2 52.6 39.3 50.5 38.1 38.8 
^The average values shown exclude Block II. The corresponding values including Block II for the 
respective depths are 18.6, 9.5, 5.3, 5.8, 7.9, 12.1 and 59.2 lb N/acre. 
^The average values shown exclude Block II. The corresponding values including Block II for the 
respective depths are 18.1, 5.2, 4.0, 4.3, 3.9, 7.2 and 42.7 lb N/acre. 
Table A6. (Continued) 
Nitrate content, lb N/acre 
June July September 
Depth, 
feet 
Field replication 
Avg 
Field replication 
Avg 
Field replication 
Avg I II III I II III I II III 
50R 
0-1 40.1 53.5 36.8 43.5 17.4 17.4 11.7 15.5 16.1 15.4 15.7 15.7 
1-2 18.3 16.2 13.1 15.9 8.6 6.2 4.5 6.4 7.6 6.6 4.1 6.1 
2-3 10.8 11.6 12.3 11.6 7.2 6.5 5.1 6.3 3.6 4.7 5.8 4.7 
3-4 5.4 8.7 7.2 7.1 8.0 5.1 3.6 5.6 5.1 5.8 4.3 5.1 
4-5 19.2 18.1 11.6 16.3 8.7 21.0 6.5 12.0 3.6 5.4 3.6 4.2 
5-6 12.2 36.2 14.2 20.9 5.9 35.1 7.1 16.0 6.7 23.3 5.5 11.8 
Total 106.0 144.3 95.2 115.3 55.8 91.3 38.5 61.8 42.7 61.2 39.0 47.6 
lOOR 
0-1 59.5 52.2 51.5 54.4 20.4 21.1 13.4 18.3 22.1 23.4 17.4 21.0 
1-2 20.0 21.4 19.3 20.2 9.0 12.1 7.6 9.6 9.0 6.2 4.5 6.6 
2-3 13.0 18.1 11.6 14.2 8.3 14.5 6.1 9.6 5.1 5.1 4.3 4.8 
3-4 17.0 34.4 13.0 21.5 14.5 98.0 5.8 39.4 6.5 32.6 2.9 14.0 
4-5 32.6 180.5 13.0 75.4 65.8 342.9 17.4 142.0 39.4 259.7 12.3 103.8 
5-6 113.6 289.8 31.5 145.0 203.1 400.2 39.0 214.1 201.1 402.5 28.0 210.5 
Total 255.7 596.4 139.9 330.7 321.1 888.8 89.3 433.0 283.2 729.5 69.4 360.7 
Table A7. Nitrate content of the soil with depth at three dates for various applied and residual 
N levels at the Moody experiment, 1975 
Nitrate content, lb N/acre 
June July September 
Depth, 
feet 
Field replication 
Avg 
Field replication 
Avg 
Field replication 
Avg I II III I II III I II III 
NoN 
0-1 33.8 28.8 31.8 31,5 16.7 14.0 13.4 14.7 16.0 13.7 16.0 15.2 
1-2 9.0 9.3 10.4 9,6 6.6 4,8 2.4 4.6 4.8 4.1 4.8 4.6 
2-3 3.6 2.2 2.5 2,8 4,3 2,2 1.4 2.6 1.4 2.2 1.4 1.7 
3-4 4.7 3.2 3.3 3,7 15.2 10.1 2.2 9.2 10.1 20.2 6.5 12.3 
4-5 4.0 2.2 1.4 2.5 6.1 0.7 2.2 3.0 2.5 0.4 0.4 1.1 
5-6 3.9 1.6 1.6 2,4 5.9 1.6 2.4 3.3 2.4 0.4 1.6 1.5 
Total 59.0 47.3 51.0 52,5 54.8 33.4 24.0 37.4 37.2 41.0 30.7 36.4 
50N 
0-1 141.2 105.0 99.7 115,3 20.4 23.4 20.7 21.5 19.4 16.7 15.4 17.2 
1-2 20.0 14.5 7.6 14,0 6.9 5.9 4.1 5,6 5.5 6.6 2.8 5.0 
2-3 9.8 7.2 7.2 8,1 4.0 4.3 4,3 4.2 2.2 2.9 2.2 2.4 
3-4 53.5 31.1 40.1 41,6 17.4 10.8 9,4 12.5 3.6 5.1 5.8 4.8 
4-5 3.6 8.0 5.8 5,8 5.1 5.1 9,4 6.5 1.4 0.7 0.7 0.9 
5-6 7.1 6.7 5.5 6.4 4.7 4.7 12,6 7.3 3.2 0.8 2,4 2.1 
Total 235.2 172.5 165.9 191,2 58.5 54.2 60.5 57.6 35.3 32.8 29,3 32.4 
lOON 
0-1 97.7 166.9 137.8 134,1 30.1 36.5 24.1 30.2 45.5 35.4 25.4 35.4 
1-2 21.4 36.6 13.8 23,9 12.1 26.9 15.9 18.3 11.0 31.1 10.4 17.5 
2-3 13.7 34.0 17.4 21,7 8.0 18.8 12.3 13.0 5.1 17.4 8.7 10.4 
3-4 18.8 55.7 37.3 37,3 25.3 36.5 16.3 26.0 2.9 15.2 6.1 8.1 
4-5 12.3 184.8 18.8 72.0 11.6 114.3 17.0 47.6 35.8 135.3 22.4 64.5 
5-6 45.0 256.3 58.4 119.9 25.2 261.0 56.8 114.3 44.9 240.5 63.5 116.3 
Total 208.9 734.3 283.5 408.9 112,3 494.0 142.4 249.4 145.2 474.9 136.5 252.2 
Table A7. (Continued) 
Nitrate content, lb N/acre 
June July September 
Depth, 
feet 
Field replication 
Avg 
Field replication 
Avg 
Field replication 
Avg I II III I II III I II III 
150N 
0-1 177.0 191.3 152.9 173.7 - - - - 36.8 43.8 44.8 41.8 
1-2 39.4 61.5 37.3 46.1 - - - - 39.4 71.1 40.8 50.4 
2-3 51.4 92.6 53.5 65.8 - - - - 31.8 45.6 24.6 34.0 
3-4 55.7 161.3 76.0 97.7 - - - - 73.1 114.3 51.4 79.6 
4-5 144.7 478.9 173.6 265.7 - - - - 170.2 439.1 189.5 266.2 
5-6 330.0 581.2 323.3 411.5 - - - - 315.0 573.7 337.1 408.6 
Total 798.2 1566.8 816.6 1060.5 - - - - 666.3 1287.6 688.2 880.6 
50R 
0-1 45.5 43.2 32.1 40.3 20.0 21.4 17.4 19.6 16.4 18.1 15.4 16.6 
1-2 11.4 12.4 8.3 10.7 4.1 7.6 5.5 5.7 6.2 5.5 3.1 4.9 
2-3 10.5 10.5 9.4 10.1 3.6 2.2 0.7 2.2 1.1 2.5 0.0 1.2 
3-4 6.9 8.0 4.3 6.4 5.5 8.7 5.8 7.0 6.5 8.0 8.7 7.7 
4-5 8.3 5.4 5.1 6.3 2.2 5.1 0.0 2.4 3.6 2.2 0.0 1.9 
5-6 11.4 8.7 4.7 8.3 7.9 5.9 1.6 5.1 15.8 4.7 6.3 8.9 
Total 94.0 88.2 63.9 82.1 44.3 50.9 31.0 42.0 49.6 41.0 33.5 41.2 
lOOR 
0-1 52.8 58.9 57.9 56.5 23.4 16.7 17.4 19.2 29.4 34.8 19.1 27.8 
1-2 16.6 18.0 10.4 15.0 4.8 8.3 5.2 6.1 6.9 9.7 4.1 6.9 
2-3 18.8 17.4 12.6 16.3 3.2 7.2 5.1 5.2 3.6 5.8 2.5 4.0 
3-4 18.1 18.1 8.0 14.7 23.9 35.4 20.6 26.6 5.8 5.8 0.7 4.1 
4-5 17.4 40.5 16.6 24.8 15.2 25.3 9.8 16.8 13.7 12.3 9.4 11.8 
5-6 75.3 209.0 47.3 110.5 39.8 127.8 47.3 71.6 51.7 94.2 51.6 65.8 
Total 199.0 361.9 152.8 237.8 110.3 220.7 105.4 145.5 111.0 162.6 87.4 120.4 
Table A7. (Continued) 
Nitrate content, lb N/acre 
June July September 
Depth, 
feet 
Field replication 
Avg 
Field replication Field replication 
Avg I IX III I II III Avg I II III 
150R 
0-1 46.2 48.8 56.2 50.4 — " — 24.4 28.1 31.4 28.0 
1-2 32.5 38.3 28.3 33.0 — — — 4.8 8.6 10.0 7.8 
2-3 68.4 41.2 33.3 47.6 — — — 8.7 11.2 17.4 12.4 
3-4 78.1 50.6 68.7 65.8 — — — 55.0 39.1 49.6 47.9 
4-5 59.0 240.5 173.6 157.7 77.4 278.5 145.4 167.1 
5-6 179.0 490.5 362.4 344.0 — — — 220.4 540.2 369.1 376.6 
Total 463.2 909.9 722.5 698.5 — — — 390.7 905.7 622.9 639.8 
lOORR 
0-1 — — - - — — * 26.4 29.4 18.7 24.8 
1-2 - - - - — — — 6.9 6.2 4.1 5.7 
2-3 - - - - — — — 3.3 4.0 13.0 6.8 
3-4 - - - - — — — 2.2 7.2 2.2 3.9 
4-5 - « - - — — — 8.7 120.8 1.4 43.6 
5-6 - - - - — — — 5.5 263.4 6.3 91.7 
Total - - - - — — — 53.0 431.0 45.7 176.5 
150RR 
0-1 49.2 46.8 37.5 44.5 24.1 29.4 19.1 24.2 
1-2 17.6 18.6 14.8 17.0 — — — 5.5 6.2 3.4 5.0 
2-3 21.3 11.6 16.6 16.5 — — — 2.5 5.1 1.4 3.0 
3-4 21.0 22.8 15.9 19.9 — — — 9.8 6.9 3.6 6.8 
4-5 42.3 274.2 18.8 111.8 — — — 73.8 273.8 2.2 116.6 
5-6 201.9 543.3 68.2 271.1 — — — 219.6 523.6 22.5 255.2 
Total 353.3 917.3 171.8 480.8 335.3 845.0 52.2 410.8 
Table A8. Grain yield, stand, barrenness and silking date of two corn varieties at 
various levels of applied and residual N at the Moody experiment, 1974 
Adapted^ Early 
N 
level Block 
Yield® 
bu/A 
Stalks Silking 
date* 
Yield 
bu/A 
Stalks Silking 
date Total Bsirren Total Barren 
NoN I 21.6 79 46 20 39.3 82 28 19 
II 15.1 81 48 20 41.3 82 21 12 
III 15.7 81 47 20 36.5 83 26 12 
Avg 17.5 80 47 20 39.0 82 25 14 
50N I 74.5 84 11 9 71.8 82 17 10 
II 73.2 80 19 7 70,1 80 12 7 
III 70.2 82 14 11 62.4 82 21 10 
Avg 72,6 82 15 9 68.1 81 17 9 
lOON I 64.2 81 21 10 56.5 81 18 10 
II 30.1 77 37 17 49.2 82 19 13 
III 81.4 82 19 7 70.0 83 18 10 
Avg 58.6 80 26 11 58.6 82 18 11 
150N I 60.6 81 18 13 68.1 81 16 10 
II 59.1 80 23 12 67.3 82 19 9 
III 63.3 75 13 10 36.3 82 36 17 
Avg 61.0 79 18 12 57.2 82 24 12 
^Adapted and early refer to different varieties from the same treatments. 
^Represent the number of plants per 66.6 feet of 40-inch spaced rows. 
^Yields are reported at 15»5^ moisture. 
'^Represent the number of days after July 20 that 755^ of the plants were silked. 
Table A8. (Continued) 
Adapted Early 
N 
level Block 
Yield 
by/A Total Barren 
Silking 
date 
Yield 
bu/A 
ooa 
Total Barren 
Silking 
date 
NoR I 17.5 81 45 20 35.8 80 22 19 
II 16.4 76 41 20 31.6 79 26 19 
III 18*5 77 45 20 44.1 82 20 17 
Avg 17.5 78 44 20 37.2 80 23 18 
50R I 25.0 80 38 17 40.8 78 24 17 
II 24.6 80 46 17 45.9 79 20 16 
III 27.7 80 34 19 30.1 83 31 17 
Avg 25.8 80 39 18 38.9 80 25 15 
lOOR I 39.9 79 33 14 60.0 80 18 10 
II 35.2 81 30 12 50.6 79 27 17 
III 35.1 80 37 17 46.4 77 21 14 
Avg 36.7 80 33 14 52.3 79 22 14 
15OR I 75.1 81 14 9 74.1 80 15 12 
II 35.5 82 40 14 59.5 81 22 12 
III 72.0 83 18 7 62.2 81 11 14 
Avg 60.9 82 24 10 65.3 81 16 13 
Table A9. Yield and N content of various plant parts for two com varieties at 
various levels of applied and residual N at the Moody experiment, 197^ 
Early Adapted 
Grain Stover Whole 
plant 
fo N 
N 
level Block 
Yield 
lb/A N 
Yield 
lb/A fa N 
Yield 
lb/A 55 rf 
Leaf 
fo N 
NoN* I 
II 
III 
Avg 
1860 
1954 
1727 
1847 
1.46 
1.49 
1.50 
1.48 
1022 
714 
Itl 
1.48 
1.57 
3644 
3391 
4163 
3733 
0.40 
0.83 
0.74 
0.66 
1.32 
1.40 
1.32 
1.35 
0.91 
0.94 
0.85 
0.90 
50N I 
II 
III 
Avg 
3398 
3317 
2953 
3223 
1.79 
1.90 
1.71 
1.80 
Wd 
3322 
3437 
1.60 
1.85 
1.48 
1.64 
4598 
5162 
4458 
4739 
0.57 
0.74 
0.84 
0.72 
2.12 
2.14 
2.06 
2.11 
1.02 
1.26 
1.08 
1.12 
lOON I 
II 
III 
Avg 
2674 
2328 
3312 
2771 
2.14 
2.13 
1.93 
2.07 
3038 
1424 
3:852 
2771 
1.94 
2.11 
1.74 
1.93 
5811 
586Ô 
5056 
5576 
1.28 
1.56 
0.69 
1.18 
2.42 
2.46 
2.34 
2.41 
1.53 
1.65 
1.14 
1.44 
^Adapted and early refer to different varieties from the same treatments. All 
yields and K contents are expressed on an oven-dry basis. 
^Based on the harvest of 10 plants per plot in September. 
^Values were calculated from the ratio of com grain to stover yield and the N 
percentages of the com grain and whole plant materials. 
^Values for stover, leaf, and whole plant for NoN and NoR represent analyses 
from the same plots. 
Table A9» (Continued) 
Early Adapted 
Stover mde 
N Yield Yield Yield Leaf plant 
level Block lb/A ^ N lb/A 95 N lb/A JS N ^ N ^ N 
15ON I 
II 
III 
Avg 
3222 
3185 
1718 
27 08 
2.02 
2.05 
2.06 
2.04 
2868 
2797 
2995 
2887 
1.93 
1.96 
2.04 
1.98 
5524 
6088 
5456 
5689 
1.33 
1.56 
1.21 
1.37 
2.60 
2.68 
2.66 
2.65 
1.56 
1.62 
1.58 
1.59 
NoR° I 
II 
III 
Avg 
1694 
1495 
2087 
1759 
1.56 
1.39 
1.60 
1.52 
828 
776 
875 
826 
H
H
H
H
 
3644 
im 
3733 
0.40 
0.83 
0.74 
0.66 
1.32 
1.40 
1.32 
1.35 
0.91 
0.94 
0.85 
0.90 
5OR I 
II 
III 
Avg 
1931 
2172 
1424 
1842 
1.52 
1.64 
1183 
1164 
1311 
1219 
1.60 
1.80 
1.36 
1.59 
3640 
4465 
3702 
3939 
0.71 
0.79 
0.74 
0.75 
1.40 
1.68 
1.30 
1.46 
0.88 
1.01 
0.85 
0.91 
lOOR I 
II 
III 
Avg 
2839 
2394 
2196 
2476 
2.06 
2.14 
1.71 
1.97 
1888 
1666 
1661 
1738 
1.72 
1.93 
1.77 
1.81 
5347 
5251 
4013 
4870 
1.26 
1.31 
0.78 
1.12 
1.84 
2.19 
2.02 
2.02 
1.37 
1.46 
0.96 
1.26 
I5OR I 
II 
III 
Avg 
ilîi 
2943 
3088 
2.04 
2.10 
2.07 
2,07 
3554 
1680 
3407 
2880 
1.87 
Ï-M 
1.85 
5248 
5088 
1.06 
1.18 
2.46 
2.36 
2.43 
2.42 
1.40 
1.44 
1.47 
1.44 
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Table AlO. Yields of the com plant at two dates and of the 
grain at various levels of applied and residual 
N at the Moody experiment, 1975 
Yield* 
Whole Plant 
N 
level Block 
In July Stover Grain 
,—lb/A oven-dried— 
Total Grain 
bu/A® 
NoN I 
II 
III 
Avg 
4082 
3244 
3586 
3637 
4796 
M 4284 
1912 
1296 
IW 
67 08 
4796 
6350 
5951 
40.4 
27.4 
37.9 
35.2 
50N I 
II 
III 
Avg 
4437 
4560 
4006 
4334 
4632 
5066 
4748 
4815 
4297 
m 
3604 
8929 
7740 
8590 
8419 
90.8 
56.5 
81.2 
76.2 
lOON I 
II 
III 
Avg 
4540 
4981 
4847 
4789 
i 
5500 
4131 
4230 
I'oW 
9700 
9730 
79.3 
101.6 
U : i  
I5ON I 
II 
III 
Avg 
5658 
4891 
5832 
5678 
4334 
5058 
mi 
10091 
10504 
11165 
10586 
91.6 
106.9 
112.7 
103 = 7 
^Value for whole plant in July and stover estimated from 
a harvest of 10 plants per plot. 
^Stover yield was measured in September, grain in October, 
and the total is the sum of stover plus grain. 
^15.50 moisture. 
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Table AlO. (Continued) 
Yield 
Whole Plant 
N . 
level Block 
In July Stover Grain 
•—lb/A oven-driéd— 
Total Grain 
bu/A 
NoR I 
II 
III 
Avg 
3914 
3288 
2568 
3257 
4047 
3620 
3777 
3815 
1737 
1495 
1263 
1498 
5784 
5115 
5040 
5313 
36.7 
. 31.6 
26.7 
31.7 
50R I 
II 
III 
Avg 
4997 
5623 
3839 
4820 
4321 
4454 
3788 
4188 
2442 
2806 
3052 
2767 
6763 
7260 
6840 
6955 
51.6 
58.5 
lOOR I 
II 
III 
Avg 
3610 
4772 
5356 
4579 
5702 
5842 
5083 
5542 
4240 
11 
9942 
9613 
7439 
8998 
89.6 
79.7 
49.8 
73.0 
I50R I 
II 
III 
Avg 
5829 
543? 
5076 
5448 
4854 
5480 
5032 
5122 
4670 
5016 
4368 
4685 
9524 
10496 
9400 
9807 
98.7 
106.0 
92.3 
99.0 
NoRR I 
II 
III 
Avg 
5186 
81; 
4449 
3589 
3918 
1235 
238O 
1812 
I809 
5118 
6663 
5401 
5727 
26.1 
50.3 
38.3 
38.2 
5ORR I 
II 
III 
Avg 
4632 
4936 
2851 
4140 
4030 
4123 
3610 
3921 
2456 
2371 
2707 
2511 
6486 
6494 
51.9 
50.1 
57.2 
53.1 
lOORR I 
II 
III 
Avg 
3774 
4909 
4645 
4443 
4806 
4895 
2806 
3833 
2058 
2899 
7612 
IISI 
7794 
59.3 
81.0 
43.5 
61.3 
I5ORR I 
II 
III 
Avg 
4963 
4745 
3849 
4519 
4632 
ell 
4914 
2759 
3628 
8569 
9333 
7723 
8542 
83.2 
88.5 
58.3 
76,7 
Table All. The N content of various plant parts, the silking date, and the 
barrenness of com at various levels of applied and residual N at the 
Moody experiment, 1975 
N 
N content a 
Whole 
plant Stover Stalks Silking 
level Block Leaf (July) (Sept) Grain Total Barren dateC 
NoN I 1.43 0.73 0.54 1.54 70 3 15 
II 1.38 0.86 0.66 1.58 72 14 18 
III 1.40 0.81 0.58 1.60 70 13 16 
Avg 1.40 0.80 0.59 1.57 71 10 16 
50N I 2.22 1.38 0,60 1.53 73 3 6 
II 2.44 1.23 0.62 1.58 69 4 6 
III 2.13 1.33 0.46 1.46 73 1 4 
Avg 2.26 1.31 0.56 1.52 72 3 5 
lOON I 2.83 1.56 0.99 1.86 69 5 4 
II 2.66 1.52 0.80 1.79 71 3 4 
III 2.62 1.54 0.69 1.68 69 2 5 
Avg 2.70 1.54 0.83 1.78 70 3 4 
150N I 2.82 1.84 0.86 1.76 70 2 6 
II 2.96 1.70 0.87 1.88 71 1 5 
III 2.88 1.66 0.81 1.74 72 1 4 
Avg 2.89 1.73 0.85 1.79 71 1 5 
®A11 N percentages are reported on an oven-dry basis. 
^Represent the number of plants per 60 feet of 40-inch rows. 
^Represent the number of days after July 20 that 75^ of the plants were silket, 
Table All. (Continued) 
N content (^) 
N 
level Block Leaf 
Whole 
plant 
(July) 
Stover 
(Sept) Grain 
Stalks 
Total Barren 
Silking 
date 
NoR I 1.28 0.78 0.64 1.58 72 17 14 
II 1.26 0.79 0.56 1.63 72 11 16 
III 1.24 0.87 0.62 1.60 70 6 15 
Avg 1.26 0.81 0.61 1.60 71 11 15 
50R I 1.68 1.08 0.52 1.54 71 2 9 
II 1.76 1.16 0.50 1.63 70 2 8 
III 1.42 0.92 0.66 1.45 70 9 15 
Avg 1.62 1.05 0.56 1.54 70 4 11 
lOOR I 2.04 1.26 0.85 1.70 72 2 8 
II 2.17 1.24 0.74 1.70 70 2 9 
III 1.84 1.26 0.65 1.56 70 8 8 
Avg 2.02 1.25 0.75 1.65 71 4 8 
I5OR I 2.41 1.06 0.82 1.62 73 2 6 
II 2.64 1.42 0.74 1.77 73 2 5 
III 2.64 1.30 0.84 1.69 71 1 7 
Avg 2.56 1.26 0.80 1.69 72 2 6 
NoRR I 1.32 0.80 0.50 1.54 72 23 14 
II 1.42 0.79 0.52 1.50 72 15 16 
III 1.21 0.72 0.44 1.56 70 19 16 
Avg 1.32 0.77 0.49 1.53 71 19 15 
Table All. (Continued) 
N content (^) 
StaTlcfi 
N plant Stover ' Silking 
level Block Leaf (July) (Sept) Grain Total Barren date 
50RR I 1.66 1.00 0.56 1.51 74 10 12 
II 1.54 0.92 0.60 1.55 73 9 9 
III 1.18 1.07 0.54 1.45 71 13 15 
Avg 1.46 1.00 0.57 1.50 73 11 12 
lOORR I 1.64 1.18 0.52 1.50 72 10 9 
II 2.02 1.14 0.65 1.73 73 5 8 
III 1.50 1.16 0.69 1.55 71 12 16 
Avg 1.72 1.16 0.62 1.59 72 9 11 
I5ORR I 2.00 0.96 0.77 1.58 72 3 6 
II 2.12 1.22 0.74 1.79 74 1 6 
III 1.82 0.84 0.75 1.58 71 4 11 
Avg 1.98 1.01 0.75 1.65 72 3 8 
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Table A12. The effect of different N and K treatments on the 
yield of soybeans in 1975 and on the average com 
yields (I967-I974) at the Clarion-Webster Experi­
mental Farm 
Annual N 
treatment 
1967-
1974 1975 
—————lb/acre———————— 
Annual Avg com 
K treat- yield 
ment I967-
1967- 1974 
1975 bu/acre 
(15. ^  
Soybean yields a 
Block 
II III 
-bu/acre (12. 
Avg 
40 240 
80 120 
160 
0 72.0 48.1 45.6 46.6 46.8 
40 69.0 45.0 46.5 47.2 46.2 
80 66.2 49.0 51.6 44.9 48.5 
160 64.6 51.2 51.4 47.1 49.9 
320 65.5 43.1 52.5 52.6 49.4 
Avg - - - - 48.2 
0 95.6 48.0 50.0 48.1 48.7 
40 99.2 55.8 55.5 46.3 52.5 
80 90.6 48.4 53.4 51.2 51.0 
160 86.5 48.8 51.7 53.4 51.3 
320 85.5 52.3 53.9 53.3 53.2 
Avg - - - 51.4 
0 121.1 50.4 48.2 42.0 46.9 
40 123.0 47.0 49.5 47.1 47.9 
80 125.1 51.0 53' 0 47.8 50.6 
160 114.8 49.4 45.0 48.4 47.6 
320 117.9 46.1 51.0 50.8 49.3 
Avg - - - - 48.5 
0 132.0 49.0 48.8 44.0 47.3 
40 144.5 51.0 50.8 50.8 50.9 
80 141.0 49.2 49.5 48,8 49.2 
160 144.7 51.0 47.4 49.6 49.3 
320 145.8 49.0 49.4 47.4 48.6 
Avg - - - - 49.0 
^Values represent the average of two yield samples taken 
within each plot. 
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Table A12. (Continued) 
Annual N 
treatment 
1967-
1974 1975 
/ 3tC 2^0^ ******* 
Annual 
K treat­
ment 
1967-
1975 
Avg com 
yield 
1967-
1974 
bu/acre 
(15. ' 
Soybean yields 
Block 
II III 
-bu/acre (12. 
Avg 
320 
Average 
0 138.4 50.6 50.4 54.2 51.7 
40 142.0 49.5 53.8 48.6 50.6 
80 150.5 52.0 49.6 47.0 49.5 
160 150.5 52.2 51.2 52.7 52.0 
320 145.0 48.3 51.6 49.6 49.8 
Avg - - — — 50.7 
0 a. 48.3 
40 — — — — 49.6 
80 - — — — 49.8 
160 - - - - 50.0 
320 - - - - 50.1 
Avg - - - - 49.6 
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Table AI3. The effect of different rates of N on the accumu­
lation of nitrate with depth after eight years of 
fertilization at the Clarion-Webster Experimental 
Farm (N-K Experiment), October 1974& 
Annual 
N treat­
ment 
lb N/ Depth 
acre feet 
Nitrate content 
Block 
II III 
•ppm-
Increase 
Avg Avg over NoN 
lb N/acre-foot^ 
0 0-1 4.5 3.6 3.9 4.0 15.8 
1-2 1.0 1.8 1.1 1.3 5.3 -
2-3 1.8 1.4 1.5 1.6 6.6 -
3-4 1.4 1.0 1.2 1.2 4.9 — 
4-5 2.2 0.9 1.6 1.6 6.7 -
5-6 1.0 0.9 1.5 1.1 4.9 -
Total 11.9 9.6 10.8 10.8 44.2 -
40 0-1 5.0 3.3 3.0 3.8 15.0 -0.8 
1-2 1.4 1.0 0.9 1.1 4.5 -0.8 
2-3 1.6 1.6 0.9 1.4 5.7 -0.9 
3-4 2.0 1.0 0.8 1.3 5.3 0.4 
4—5 1.4 1.2 0.9 1.2 5.1 -1.6 
5-6 1.2 1.6 2.8 1.9 8.5 3.6 
Total 12.6 9.7 9.3 10.7 44.1 -0.1 
80 0-1 7.9 3.4 4.4 5.2 20.5 4.7 
1-2 3.2 1.6 2.2 2.3 9.4 4.1 
2-3 1.8 1.4 1.2 1.5 6.2 -0.4 
3-4 2.6 1.5 1.6 1.9 7.8 2.9 
4-5 2.0 1.2 1.5 1.6 6.7 0.0 
5-6 2.6 1.6 1.4 1.9 8.5 3.6 
Total 20.1 10.7 12.3 14.4 59.1 14.9 
160 0-1 7.3 14.4 7.3 9.7 38.2 22.4 
1-2 2.6 5.8 2.7 3.7 15.2 9.9 
2-3 2.4 2.4 2.6 2.5 10,3 3.7 
3-4 1.0 2.1 3.0 2.0 8.2 3.3 
4-5 1.4 2.2 2.1 1.9 8.0 1.3 
5-6 2.0 2.6 2.0 2.2 9.8 4.9 
Total 16.7 29.5 19.7 22.0 89.7 45.5 
^Cores were obtained from the 80 lb/acre K treatment. 
^Conversion from ppm N to lb N/acre-foot was based on the 
values in Table 42. 
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Table AI3. (Continued) 
Annual Nitrate content 
N treat­
ment Increase 
lb N/ Depth I II III Avg Avg over NoN 
acM feet ppm— -lb N/acre-foot 
320 0-1 25.4 14.8 38.6 26.3 103.7 87.9 
1-2 35.8 8.5 12.7 19.0 78.0 72.7 
2-3 15.2 6.1 4.4 8.6 35.3 28.7 
3-4 7.9 3.2 4.8 5.3 21.8 16.9 
4-5 7.8 4.6 6.7 6.4 27.0 20.3 
5-6 6.6 5.0 6.0 5.9 26.3 21.4 
Total 98.7 42.2 73.2 7I.5 292.1 247.9 
